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The present review is written at the request of the editors of this 
journal. The author hesitated to accept the invitation, in view of the 
fact that the literature on the subject has been only recently reviewed 
in the admirable monograph by Hugh MacLean. The views of this 
author and of the present writer agree so closely that there seemed little 
ground for the present undertaking. However, even in the short lapse 
of time since the appearance of MacLean’s work, some new contribu- 
tions have been made. Furthermore, the present writer was impressed 
by the argument that it is intended to supplement this review at irregu- 
lar intervals with further reviews, when the growth of the material of 
the subject will call for such.* 


I. 


The name phosphatide indicates a substance containing phosphorus 
in its molecule. There exists, however, a great number of phosphorus- 
containing organic compounds which are not classified as phosphatides. 
The name is conventional and is attributed to such esters of phosphoric 
acid as resemble fats. With these fats they are extracted from animal 
and plant tissues by the usual fat solvents, and as these, they yield 
higher aliphatic acid under the action of hydrolytic agents. 

In the attempt to classify phosphatides, a great diversity of stand- 
ards has been employed by individual writers. . The older workers and 
the less critical of the recent workers based their classification either 


1 Since these lines were written two new summaries have appeared, one by 
Fourneau and the other by Zunz, both very interesting, and both are highly 
recommended to students on the subject of phosphatides. 
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entirely on physical properties (Vauquelin, Couerbe, Fremy) or on a 
consideration of solubility combined with that of the ratios of the 
nitrogen to phosporus equivalents in the molecules of individual sub- 
stances. This mode of classification led to claims for the existence of 
a great many individual substances, the reality of which today seems 
doubtful. The discussion of substances of debated reality has no 
place in a short comprehensive review. 

The group of phosphatides whose individuality is based on the study 
of chemical structure is short in number. It embraces only the three 
generic substances, lecithin, cephalin and sphingomyelin. MacLean 
was guided by similar considerations, limiting the discussion in his 
monograph to four phosphatides: the three just mentioned, and cuorin. 
Since then, it was shown by Levene and Komatsu that cuorin is a mix- 
ture of decomposition products of cephalin and lecithin. This was 
substantiated by the observation of MacLean who found that strictly 
fresh heart muscle is free from cuorin. Thus, the number of well 
defined phosphatides is limited to three. This view was expressed by 
Levene’ in 1916 and has recently been accepted by MacLean. The 
present review will record, therefore, the recent progress of the work 
on the three named substances. 


II. PREPARATION OF PHOSPHATIDES 


For the extraction of phosphatides the same solvents in general are 
used now as were employed by the pioneer workers, namely, alcohol, 
ether, petrolic ether and acetone. By means of hot alcohol alone all 
the phosphatides may be extracted. Each of the other solvents is 
capable of extracting only certain of the phosphatides. Thus, acetone 
in the presence of fat extracts principally unchanged lecithin and 
cephalin, the extraction being incomplete. Ether extracts lecithin, 
cephalin and products of their partial hydrolysis, and also small quan- 
tities of sphingomyelin. 

In practice it was found expedient to select the extracting reagent 
according to the purpose of the extraction. When it is desired to ob- 
tain very pure lecithin-or pure cephalin, the acetone extract is em- 
ployed. When the object of the extraction is the preparation of. all 
unsaturated phosphatides, then ether is chosen as the reagent. Finally, 
when it is desired to prepare sphingomyelin, the dried tissues are 
extracted directly by means of alcohol. 

As a matter of routine, all three reagents are employed consecutively, 
the procedure being as follows. The organs are minced and dried in a 
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vacuum drier. The dry material is then pulverized and extracted con- 
secutively with acetone, ether and alcohol. Each of the extracts is 
worked over separately. Thus three fractions are obtained as follows: 

1. The acetone extract contains lecithin and cephalin and only a 
small proportion of their decomposition products. The fraction of 
phosphatides obtained by this reagent will be referred to later in the 
discussion as the acetone fraction. This fraction is the one best suited 
for the preparation of pure lecithin. 

2. The crude etherial extract contains unchanged lecithin and ceph- 
alin, associated with the products of their partial decomposition. This 
fraction can be separated into two subfractions. One is soluble incold 
as well as in hot alcohol and is commonly named “‘lecithin’’; andthe 
other is soluble in ether but insoluble in alcohol, and is generally referred 
to as “‘cephalin.”’ 

3. When desiccated brain powder is extracted with warm alcohol, 
the clear filtrate on standing gives rise to a white precipitate, the ‘‘ White 
Matter” of Vauquelin. 

Historical. The progress of the methods of extraction proceeded as 
follows. Fourcroy (1793) was practically the first to note the sub- 
stances which are now referred to as phosphatides. He employed only 
one extractive, namely, alcohol. Couerbe (1834) then employed both 
ether and alcohol. Attempts by later workers to replace ether by low 
boiling gasoline or by benzene have not met with success. . 

One of the most important advances in the development of the chem- 
istry of phosphatides was made by the introduction of acetone by Alt- 
man and Luebser (1899). Acetone was suggested for the separation 
of unsaturated phosphatides, lecithin and cephalin, from fats and cho- 
lesterol. However, Luebser realized that the separation accomplished 
by it was not complete. Some phosphatides were found in the acetcne 
extract, while the crude acetone precipitate was found to contain a 
variety of impurities. True, Frankel and his co-workers claimed to have 
isolated from the acetone extract peculiar phosphatides differing from 
lecithin and cephalin. These claims, however, were not substantiated 
by more recent workers (Levene and his co-workers). Acetone, never- 
theless, remains among the most important reagents in the chemistry 
of phosphatides. 

Other reagents have been introduced principally for the purification 
of individual phosphatides. Thus, cadmium chloride was first employed 
by Strecker in 1869 for the isolation of.lecithin. This reagent was 
reintroduced by Bergell in 1900. To Bergell also belongs the credit for 
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simplifying the process of conversion of the cadmium salts of lecithin 
into the free substances. He suggested for this purpose the use of 
ammonium carbonate instead of the hydrogen sulfide employed by the 
older workers. More recently, Levene and Rolf in work as yet unpub- 
lished employed for this purpose methyl] alcohol saturated with gaseous 
ammonia. 

The methods for the separation and isolation of cephalin have not 
made as much progress as those of lecithin. Thudichum (1884) advo- 
cated the uses of lead acetate, and all other workers have separated 
cephalin from lecithin by means of alcohol. 

The isolation of the third phosphatide, sphingomyelin, is still very 
laborious and complicated. Thudichum in 1884 separated it from cere- 
brosides by fractional precipitation from alcohol, and further purified 
the substance by means of cadmium chloride. No further advance in 
the procedure of its preparation was made until 1908, when Rosenheim 
and Tebb introduced pyridin as reagent. In 1914 a more efficient 
method was developed by Levene. 

In the work on unsaturated phosphatides much use was made in 
recent years of catalytic hydrogenation. First Paal and later Riedel 
have shown that lecithin in alcoholic solution can be hydrogenated in 
the presence of colloidal palladium. Levene and his co-workers have 


. applied the process advantageously for the solution of many problems 


pertaining to the structure of lecithin and cephalin. 


Ill. STRUCTURE OF INDIVIDUAL PHOSPHATIDES 


In this discussion of the chemical structure of individual phosphatides, 
first place will be given to the analysis of the present day theory; the 
older views and the controversial points will then be given in brief in 
the form of a historical sketch. 

A. Lecithin. The present conception of the structure of lecithin is 
expressed by the following graphic formula: 


CH,OOCR 


CH OOCR; 


O 
I (1) 
CH,—O—P—O—C:H,N = (CHs)3 


OH OH 
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This formula expresses the view that the molecule of lecithin is composed 
of phosphoric acid combined, on one hand, with a diglyceride, and on 
the other, with a base, cholin. It further postulates that all parts are 
linked into one molecule through ester linking. This form of linking 
lends to the molecule a certain degree of lability. 

Components of lecithin. Varying the conditions of hydrolysis, it is 
possible to obtain from lecithin all the components required by theory; 
namely, fatty acids, glycerol, cholin and phosphoric acid. Naturally 
only those conclusions as to the nature of the constituents are binding, 
which have been obtained on material free from impurities. Unfor- 
tunately all the older work was done on material which did not meet 
this requirement. Analyses cf pure material were only recently pre- 
sented by Levene and his co-workers. 

Base. Pure lecithin contains only one base, cholin. MacLean was 
perhaps the first to prepare lecithin which did not contain amino groups. 
Levene and Rolf have perfected the method of preparation and have 
prepared the material in quantities sufficient for complete analysis. 
The principal impurity of the lecithin of the older writers was cephalin. 
This was assumed by MacLean and experimentally demonstrated by 
Levene and West. Hence, material free from aminoethanol may be 
regarded as lecithin free from impurities, provided its elementary com- 
position agrees with that required by formula(I). 

Glycerol. As regards the presence. of this component, the evidence 
of the older workers was perfectly satisfactory. As early as 1850 Gob- 
ley proved its presence beyond doubt, and later Miss Foster found the 
experimental proportions to agree with those required by thetheory. It 
is true that the material which served for such analyses was not free 
from cephalin. However, since cephalin and lecithin contain approxi- 
mately the same proportions of glycerol, the recorded data on the glyc- 
erol estimation are still valid in formulating the theory of the structure 
of lecithin. 4 

Phosphoric Acid. The proportion of this component is easily 
determined from the phosphorus content of the analyzed material. 
On this point the observations of the older writers are acceptable, since 
the presence of cephalin and of small proportions of decomposition 
products should but slightly affect the phosphorus content of a given 
sample particularly when the limits of error of the method are taken 
into account. 

Fatty acids. The question of the fatty acids present in the molecule 
of lecithin deserves special attention. Much of what has been written 
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about lecithins and-many of the physiological and biological properties 
attributed to them were associated with the problem of their fatty 
acids. The samples of lecithin analyzed in this respect were obtained 
from egg yolk and from the brain and liver of cattle (Levene and Rolf, 
Levene and Ingvaldsen, and Levene and Simms). The samples from 
the egg yolk and from the brain seemed identical in respect to their 
fatty acids. Both contain one unsaturated and two saturated acids. 
The unsaturated acid was identified as oleic. In this acid the number 
of the unsaturated bonds was determined by the iodine and by the 
hydrogen values. The number of carbon atoms was established by the 
analysis of the hydrogenated product, which was identified as stearic 
acid. The saturated fatty acids were found to consist of palmitic and 
stearic acids. Each of these was isolated in pure state. In every 
instance the identity of an acid was established on the basis of elemen- 
tary composition, melting point and molecular weight. 

The fatty acids of the liver lecithin differ from those of the lecithins 
obtained from the other two organs in the character of the unsaturated 
acids. The latter were found to belong not to the oleic, but to the linolic 
series, or to a mixture of two acids, one of the oleic and the other of the 
linolic series. On hydrogenation they were separated into stearic and 
arachidic acids. The saturated acids of liver lecithin, as of the other 
organs, are palmitic and stearic acids. 

The bearing of the findings regarding the components of lecithin on the 
theory of its structure. The graphic formula given above admits of only 
two acyl radicles in the molecule of lecithin. The finding that the 
combined fatty acids consisted of equal parts of unsaturated and satu- 
rated acids, of which the saturated were composed of stearic and pal- 
mitic, indicates the presence of four equivalents of -fatty acids in the 
samples of lecithin obtained from egg yolk and from brain. In lecithin 
obtained from the liver each of the four acyl radicles is distinct in 
composition. ; 

Assuming that all four equivalents of fatty acids are present in one 
melecule of lecithin, the graphic formula presented above should be 
modified to make room for the two additional acyl radicles. A_ priori, 
there are possible three alternative arrangements, one in which the 
remaining free hydroxylof the phosphoric acid is condensed in an ester 
linking with a second diglyceride, 
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O 
! 





(II) 
CH.—O—P—O—CH; 


O—C.H.N = (CH,); 


OH 


another in which two monolecithins are combined into a dilecithid in 
the following fashion: 





7 OCR CH,0 O CR 
CH O O CR; CH OOCR, 
O O 
| | 
CH,—O—P. O P—O—CH, | 





O—C,H,N = (CHs)s O—C,H,N = (CHs)s (IIT) 
| | 


OH OH 


The third admits of the existence of several monophosphatides each 
represented by formula (I). The first assumption is excluded un- 
equivocally and with little difficulty on the basis of the elementary 
composition of lecithin. This is clearly seen from the following table, 
in which are given the theoretical elementary composition of sub- 
stances expressed by the formulae (I), (II) and (III), and the ana- 
lytical data recorded by various observers. It will be seen that formula 
(II) is definitely excluded even on the basis of the analytical data of the 
older writers. The more recent data recorded by Levene and Ing- 
valdsen and by Levene and Rolf represent a close agreement of the find- 
ings with the theory expressed in formula (I). However, it also closely 
approaches the one of formula (III). 
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. Cc H | N P 
per cent) per cent) per cent| per cent 

Calculated for Formula (1) CasHssNPO, (M. W. = | | 

Neen we wle@aus 65.62) 11.02) 1.74-} 3.85 
Calculated for Formula (II) Cs:HissNPO,; (M. W. = | | 

ES eer 70.25| 11.39 1.01 | 2.24 
Calculated for Formula (III) CggHi7o9N2P20,; (M. W. | | 

EEL EE EE Oe 65.96) 10.93) 1.79 | 3.96 
i aces cee eun 66.75) 10.67) 1.81 | 4.00 
ane enucwanes 64.64 10.71) 1.95 | 4.00 
Stern and Thierfelder (egg)......................... 64.63) 10.96) 1.79 | 3.95 
I ES 64.18) 10.60) 1.87 | 3.95 
IN oio55 555... esse cce sce sccceueees 66.29| 10.17} 1.87 | 3.95 
EEE EE Se ee 66.27| 10.32) 1.85 | 3.97 
EET SE ES 66 .46) 10.69; 1.87 | 4.03 
Levene and Ingvaldsen (liver).......................| 65.72) 10.70) 1.97 | 3.61 
Te 65.56) 10.85) 2.04 | 3.87 





Still more convincing are the results of the analysis of the hydro- 
lecithin. The physical properties of lecithin are such that one is apt 
to be skeptical as to the purity of even perfectly pure material. On the 
other hand, when the substance is hydrogenated it acquires the appear- 
ance and the character of a solid wax or paraffin, which is easily puri- 
fied by recrystallization. Because of this advantage, Levene and his 
co-workers employed the hydrogenated products for the study of the 
elementary composition of lecithin and cephalin. The analytical data 
of hydrolecithin published by Levene and Rolf exclude formula (II), 
thus leaving under discussion only formulae (I) or (III). Formula 
(III) does not seem very probable, since a substance of that structure 
should possess more strongly basic properties than the substance mani- 
festsin reality. Molecular weight estimations of hydrolecithin will make 
possible a final decision between structures (I) and (III). For the 
present, structure (I) seems in greater accord with the known properties 
of lecithin. 

Accepting formula (I) as the true expression of the structure of leci- 
thin, the finding of four equivalents of fatty acids is most conveniently 
explained by the third assumption, namely, of the existence of more 
than one monophosphatide, each of the type expressed by formula (I). 
On this assumption, egg yolk “lecithin” and brain “lecithin” would 
both consist of two lecithins, differing in the character of their saturated 
fatty acid. One might be called stearyl oleyl lecithin, and the other 
palmityl oleyl lecithin. On the other hand, liver apparently contains 
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two monolecithin phosphatides, each resembling one of those from the 
egg yolk in the nature of the saturated acid, but both differing from the 
corresponding substances of the egg yolk by the nature of their unsatu- 
rated acids. 

On the configuration of the lecithin molecule. As is obvious from form- 
ula (I), the center of the lecithin molecule is occupied by glycerol, a 
trivalent alcohol CH:(OH)CH(OH)CH.(OH) in which every carbon 
is symmetrical and therefore the molecule is optically inactive. 

A derivative of glycerol may be optically active even when all radicles 
combining with it are optically inactive. The conditions for optical 
activity in derivatives are presented in the following formulae: 


CH:(OR,)*CH(OR2)CH2(OR3) (IV) 
CH:2(OR;)*CH(OR,)CH2(OR2) (V) 

The derivative is inactive if the configuration is as follows: 
CH:(OR;)CH(OR2)CH2(OR:) (VI) 


When R, stands for the cholin ester of a phosphoric acid radicle, and 
Re and R; for acyl radicles, then any one of the formulae (IV), (V) or 
(VI) may express the structure of lecithin. Since every known lecithin 
contains two different radicles the structure expressed by (VI) probably- 
does not exist in nature. Stearyl oleyl or steary]l linolyl lecithin can 
exist only in the form having an asymmetric carbon atom. In fact, all 
samples of lecithin tested for their optical activity have been found 
dextrorotary. Also, all samples of hydrolecithin have been found dex- 
trorotary. The latter observation is to be expected since palmityl leci- 
thin on hydrogenation still contains two different acyl radicles. Thus 
the choice between the two possible formulae (IV) and (V) can not be 
made on the basis of the properties of the unchanged lecithin. 

If instead of lecithin one is dealing with glycerophosphoric acid, the 
problem is much simplified. While at least three isomers of substituted ° 
glycerophosphoric acid are possible, only two stereoisomeric glycero- 
phosphoric acids are conceivable; namely, 


CH.(OH)*CH(OH)CH,(OR) (VII) 
and CH.(OH)CH(OR)CH.(OH) (VIII) 


Of these, formula (VII) expresses the optically active form, while 
formula (VIII) is optically inactive. Thus, for the solution of the 
problem of the configuration of lecithin, it becomes essential to isolate 


* Asymmetric carbon. 
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the constituent glycerophosphoric acid. It is a matter of good fortune 
that in the molecule of lecithin the union of glycerol with phosphoric 
acid is firmer than that with the organic radicles. Owing to this prop- 
erty, it is possible on mild hydrolysis with either alkalies or acids to 
obtain glycerophosphoric acid. Willstadter and Liidecke were the first to 
study the configuration of this acid. They found that it was optically 
active and hence assigned to the ester, formula (VII) and to lecithin, 
formula (I). The existence of a lecithin of this configuration is now 
undisputed. However, in recent years there appears a tendency to 
accept the existence also of an isomeric lecithin. The structure of 
this form is assumed to be expressed by formula (IV) in which Re stands 
for the cholin derivative of the phosphoric acid radicle and R, and R; 
for two different acyl radicles. The exponents of the new hypothesis 
are Fourneau and Bailly. The former observed that from the product 
of alcoholysis of lecithin, glycerophosphoric acid can be isolated as its 
calcium salt. He succeeded in separating this salt into two fractions 
differing in their crystalline form. These two salts, he assumed, repre- 
sented two structural isomers of glycerophosphoric acid. Bailly reached 
the same conclusion as Fourneau on the basis of the analysis of the prod- 
ucts of oxidation of lecithin. He found that one form of glycero- 
phosphoric acid derived from lecithin yielded dioxyacetone while the 
other failed to do so. On the basis of this observation, he argues that 
there also exists in lecithin a glycerophosphoric acid of the structure 
(VIII), as only this form could yield dioxyacetone. 

These two observations of Fourneau and of Bailly are worthy of note 
and of further investigation. If these conclusions should be corrobor- 
ated, then the number of isomeric lecithins will be greatly augmented 
and the entire problem of the structure of lecithin much complicated. 

Work of Delezenne and Fourneau on partial hydrolysis of lecithin and 
its significance. A very important contribution to the chemistry of 
lecithin was made by Delezenne and Fourneau. They found that the 
result of the action of cobra venom on lecithin is the formation of a 
product of partial hydrolysis of the latter. This product is a beautifully 
crystalline compound containing all the components of palmityl leci- 
thin except oleic acid. This finding is of importance since the presence 
of four equivalents of fatty acids of which two are of the saturated and 
two of the unsaturated type, admit of two interpretations regarding the 
distribution of the fatty acids. One is that each lecithin contains one 
saturated and one unsaturated acid, and the other admits the existence 
of lecithins containing only unsaturated, and of types that contain only 
saturated acids. The fact that the product of Delezenne and Fourneau 
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possesses physical properties different from lecithin and resembling 
hydrolecithin, points toward the conclusion that if lecithins containing 
only saturated fatty acid had existed, it should have been possibleto 
isolate them readily from fully unsaturated lecithins. Thus the finding 
offers additional evidence in favor of formula (I) as expressing the struc- 
ture of at least one of the isomeric lecithins. 

Summary of the work on the structure of lecithin. The work on the 
structure of the lecithin molecule may be summarized as follows: 

1. It is certain and undisputed that lecithins of the structure ex- 
pressed by formula (I) do exist. 

2. It is practically certain that the monophosphatides differ in the 
nature of their fatty acids and that hence a variety of different leci-- 
thins are possible. 

3. It is not certain whether these phosphatides have an independent 
existence in tissues or exist in form of diphosphatides. 

4. It has been suggested, but not yet fully demonstrated, that in addi- 
tion to lecithin derived from glycerophosphoric acid of formula (VII), 
there exist also forms derived from the acid of formula (VIII). 

Historical. In view of our present knowledge, it is evident that 
even the pioneer workers of phosphatides had been dealing with leci- 
thin. The phosphatides which they recognized in the mother liquors 
from the “white matter” of Vauquelin, could only be mixtures of the 
phosphatides lecithin and cephalin. It is quite possible that a separa- 
tion of the two was accomplished by Freny in 1841. The most funda- 
mental work on lecithin was presented by Gobley. The contribution 
of Gobley lay in his discovery that glycerophosphoric acid constituted 
the central part of the molecule of lecithin. He recognized the exist- 
ence of a base and of fatty acids in the substance. The mode of 
linkage of the fatty acids and the nature of the base was not explained 
by this writer. 

The nature of the base and the mode of linkage of the fatty acids was 
established by the work of Diacanow in 1867 and of Strecker in 1868. 
Between these two writers, however, a controversy arose on the ques- 
tion of the mode of linkage of the base. 

Formula (I) expresses the view that the base and the phosphoric 
acid are linked as an ester through the alcoholic group of the base. 
The alternative ascribes to the union the character of a complex salt. 
Diacanow made the latter assumption, while Strecker was the author 
of the former. Strecker’s theory is the one generally accepted today. 


In recent years this theory was substantiated by the work of Hundes- 
hagen and Gilson. 
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In this connection, it is interesting to note that Thudichum (1884) 
always referred to the base having the structure of 


CH, = CHN(CH;);0H 


as “‘neurin.”’ This base, by virtue of its structure could be united 
to the phosphoric acid only in the form of a salt. To some extent 
the difficulties attached to the work of the older workers on the base of 
lecithin lay in the fact that they were dealing with samples of lecithin 
containing varying proportions of cephalin. In recent years MacLean 
was perhaps the first worker who realized the importance of preparing 
lecithin free from cephalin. He demonstrated that this end was attain- 
able through the purification of the cadmium chloride salt. Levene and 
his co-workers have shown that for the preparation of pure lecithin it 
is more convenient to start with the acetone extract. The introduction 
of Van Slyke’s method for the estimation of primary amino groups has 
been of particular service in the preparation of pure lecithin. 

The work on the fatty acids of lecithin up to recent date was in a 
chaotic state. It was very uneven in character and thoroughness. In 
a way even the best and most careful of the older work on the fatty 
acids of lecithin might be dismissed from consideration in the discus- 
sion of the structure of lecithin, since all older workers were dealing 
not with pure lecithin but with a mixture of lecithin and cephalin. 
On the other hand, the findings of the older writers, particularly if one 
considers the combined efforts of all workers, are important inasmuch 
as they have limited the choice of the possible fatty acids in the lecithin 
molecule. One could scarcely expect to find more acids in pure lecithin 
than in a mixture of lecithin and cephalin. It must be added, however, 
that the list of fatty acids isolated from lecithin by the older workers 
was not complete, since at least one new addition was made by Levene 
and Ingvaldsen. 

The older work on the fatty acids of lecithin is also important for 
the reason that it has suggested the existence of more than one lecithin. 
Diacanow, who was the first to publish on the fatty acids of lecithin, 
characterized the phosphatide as a distearyl derivative; Strecker, im- 
mediately after him, isolated oleic acid and two saturated acids, one 
which analyzed for palmitic (C = 75.07; H = 12.60; M. P. = 56.7° 
and to which he refers as margaric, and the other analyzing for stearic 
acid. Diacanow replied with a statement accepting the existence of a 
lecithin having the structure of that described by Strecker, but at the 
same time insisting on the existence of the distearyl lecithin. Later 
Thudichum criticised Discanow’s theory of the distearyl form. This 
criticism still holds. The most careful of the modern work on the fatty 
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acids, particularly on the question of the unsaturated acids, is that of 
Cousin. He isolated two acids, oleic and linolic, from the mixture. 
The latter was, in the light of present knowledge, derived from cephalin. 
In chronological order, the authors who contributed to this part of the 
problem of lecithin structure are as follows: Diacanow (1867), Strecker 
(1868), Thudichum (1884), Ulpiani (1901), W. Koch (1902), Cousin 
(1903 and 1906), Dezani (1909), Serano and Palozzi (1911), Delezenne 
and Fourneau (1912), Paal and Oehme (1913) and Ritter (1914). 

In connection with the problem of the fatty acids, a certain import- 
ance is attached to the work on the iodine value of lecithin. Since the 
unsaturated acid is the only portion of the molecule capable of absorb- 
ing iodine, the iodine value of the lecithin may serve on the one hand to 
determine the degree of unsaturation of the acid, and on the other to 
establish the ratio of the amount of unsaturated to saturated acids. 
The combined results of all the work in this field tend to show that 
“lecithins” of different origin differ in the degree of unsaturation. 
Since all the writers dealt with impure lecithin the conclusions are not 
convincing, but on the other hand, in the light of recent work on liver 
lecithin the findings of the older workers may serve as a guide to future 
investigators. The most exhaustive study in this direction is that of 
Cruickshank in 1914. In chronological order the contributors to this 
problem are Stern and Thierfelder (1907), Erlandsen (1907), Baskoff 
(1909), Rollet (1909) and Cruickshank (1914). 

B. Cephalin. It is quite certain that cephalin is closely related to 
lecithin. Its nucleus, as that of lecithin, is a glycerophosphoric acid. 
As in lecithin, this is conjugated with two fatty acid radicles and with 
one base. Granting that these statements are correct, the structure of 
the molecule of cephalin may be formulated as follows: 


CH,O OR, 


ae 
a 
: (IX) 


CH, O—P 


dies 
OH O—CH,CH:NH; 


Although there is every reason to believe that this formula is the true 
expression of the structure of cephalin, yet it is difficult to substantiate 
it by the analytical data obtained on the material which the workers 
beginning with Thudichum named “cephalin’’. 
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From the standpoint of the character of individual components the 
experimental findings were entirely consistent with the requirements of 
the theory. The difficulty arose when one compared the actual ele- 
mentary composition of the phosphatide with that required by the 
theory. For many years this difficulty could not be overcome. How- 
ever, it will be seen from the following discussion that some of the newer 
work on the subject‘has brought forth facts which satisfactorily explain 
the discrepancy between the analytical data of cephalin of the formula 
(IX) and of that actually prepared in course of the older work. 

Components of cephalin: Phosphoric acid and glycerol. The presence 
of phosphoric acid in the molecule is demonstrated not only by the 
result of complete hydrolysis of cephalin which yields phosphoric acid 
as one of the products, but also by the results of partial hydrolysis, 
which leads to the formation of glycerophosphoric acid (Frankel and 
Dimitz, Levene and Rolf.) The question of the presence of glycerol 
in the molecule of cephalin was satisfactorily proven quantitatively as 
well as qualtitatively. The proportion of glycerol found in the analyzed 
samples approached satisfactorily that required by the theory expressed 
in formula (IX), (Foster, Levene and West, Levene and Komatsu). 

Base. The nature and the number of bases present in cephalin has 
been a matter of considerable discussion in the past. The present evi- 
dence suggests the view that a single base is present in the molecule of 
cephalin, and that this is aminoethanol (Baumann and Renal). This 
base has been identified among the products of hydrolysis through its 
gold salt. The assumption that aminoethanol is the sole base of the 
cephalin molecule is founded on the fact that it is possible to prepare 
samples of cephalin in which all nitrogen is present in form of primary 
aminogroups. Since all other bases which different authors claimed 
to have isolated from the lecithin-cephalin fraction were methylated 
derivatives of aminoethanol, it is evident that a fraction containing all 
of its nitrogen in form of primary amino groups can contain only the 
one base aminoethanol. 

Fatty Acids. The problem of the nature of the fatty acids of cepha- 
lin has passed through the same phases of discussion as the question of 
the fatty acids of lecithin. The present day evidence pointstoward 
the existence of one unsaturated acid linolic (Parnas) and one saturated 
acid, stearic (Parnas, Levene and West). One must bear in mind, 
however, that to many workers as well as to the present writer, it seemed 
for a long time as if the molecule of lecithin contained one saturated 
acid. Later by means of fractional distillation of the esters it was 
possible to isolate two saturated acids from the products of hydrolysis. 
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This method of analysis has not yet been applied to the study of ceph- 
alin. Likewise, the problem of the unsaturated acids cannot be con- 
sidered as definitely closed. 

The components of cephalin and their bearing on the theory of its struc- 
ture. The components of cephalin thus far identified among the 
products of its hydrolysis are phosphoric acid, glycerol, aminoethanol, 
stearic and linolic acids. Assuming that all components enter the 
molecule of lecithin in equivalent proportion, one readily arrives at 
the structure expressed in formula (IX). This theory requires for ceph- 
alin a certain elementary composition and a definite proportion of 
the component parts. Neither one of these requirements was satisfied 
by the analysis of the samples of cephalin in possession of the earlier 
workers. 


Thus the elementary composition required by theory is: — 





Cc H N P 





ER ES eae eek OS 66.16 10.57 1.88 4.18 





whereas the samples of the material used for the different investigations 
on the nature of the components had varying elementary composition, 
as given in the following table. 








AUTHOR SOURCE C H N P NH: Me 
per cent|per cent\per cent|per cent|per cent|per cent 
TEER. . io vScass'vnn Brain 60.00) 9.38 | 1.68 | 4.27 
SE, c ces cdeekscesens Ox brain 60.20) 9.80 | 3.80 | 2.60 
NG Sica nds vx vhaapeeal Sheep brain 59.50) 9.80 | 1.75 | 3.85 1.73 
os ag Dad Sie abe Brain 1.82 | 3.89 
Stern and Thierfelder..| Egg yolk 59.68) 9.74 | 1.57 | 3.64 
Falk Nerves 55.75| 9.66 | 1.94 | 4.42 
fT Ty Fie TEPRAME Human brain | 57.56) 9.21 | 2.93 | 3.23 
Neubauer. ..| Brain 68.90) 0.85 | 1.65:) 3.44 
cc. eee 62.12} 9.87 | 1.69 | 3.45 
POD... vkbncvekae eden Brain 1.83 | 3.86 
RET eae Liver 57.10) 9.62 | 1.72 | 3.91 
a eee Human brain 1.84 1.63 
Renall Ox brain 1.69 | 3.56 | 1.37 
patie Pics stk Sheep brain 1.92 | 4.27 | 1.60 
Birger and Beumer....| Erythrocytes 1.78 | 4.06 
Levene and West....... Brain 60.49) 9.52 | 1.96 | 3.80 
Levene and West....... Egg yolk 60.00) 9.62 | 1.78 | 3.69 
Levene and West....... Liver 60.33) 9.01 | 1.86 | 3.75 
Levene and West....... Kidney 60.17; 8.95 | 1.70 | 3.65 
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It is evident that the elementary composition recorded in the above 
table contradicts the theory expressed in formula (IX). 

The results of the quantitative analysis of components were found 
by Levene and West (Cephalin II) as follows: 














CALCULATED FOUND 

per cent 4 per cent 

ee Cee es eke seek eb ales sacencdscnedie’s 8.2 8.26 
Re tae eee k kt bis ca'ns'e's vie bc bcdess ®ve wil 12.4 10.00 
tS a IL als sue Gued'sbbcescccs abu 13.2 12.17 
EE LT ES 75.9 63.40 








Thus again in this respect there is lack of agreement between the theo- 
retical requirement and the experimental data. 

The problem remained in this puzzling state until the work of 
Levene and West on the so-called hydrolecithin. From this material 
a fraction was isolated which contained all its nitrogen in form of 
primary aminogroups which on hydrolysis yielded aminoethanol 
and which had an elementary composition approaching the one 
required by formula (IX). Similar material, though not so pure, was 
obtained by Levene and Komatsu from the heart muscle, and by Le- 
vene and Ingvaldsen from the liver. 




















cfu |» | > | Raa 

per cent | per cent per cent per cent per cent 

Rh eink dniibcdes via ms 66-05 65.81 | 11.05 | 1.87 | 4.15 | 100.0 
Levene and West, found............ 65.33 | 10.50 | 1.94 | 3.87 | 98.3 
Levene and Komatsu, found........ 65.50 | 10.36 | 1.80 4.29 | 77.0 
Levene and Ingvaldsen, found...... 66.05 | 10.62 | 1.66 | 3.87 | 80.7 








Later, Levene and Ingvaldsen obtained a sample of unsaturated mixed 
lecithin and cephalin, in which cephalin was predominating, and which 
had an elementary composition approaching that required by formula 
(I), or (IX); namely, 





re NHN 
| 7 > 
Cc x s | : Total N 





ees ret 66.00} 9.5 | 1.49 | 3.60 | 66.4 ° 





Similar material was obtained by Levene and Rolf from the brain of 
cattle; namely, 
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NH; N 
Cc H N P Total N 
|. fe eee saaerer Rie 65.80 | 10.37) 1.41 3.77 84.00 





A comparison of the older and newer findings regarding the substances 
discussed in this section leads to two alternative conclusions: either 
there exist two phosphatides in which all the nitrogen is present in 
form of aminoethanol, or there exists only one cephalin having the 
elementary composition required by formula (IX), and the ‘“ cephalin”’ 
of the older writers is a partially decomposed true cephalin. The latter 
of the two conceptions is the simpler. It is substantiated by the fact 
that so-called ‘“cephalin’” contains all the components required by 
formula (IX). Furthermore, the quantitative estimation of the com- 
ponents indicates that such material shows a deficiency in the fatty 
acid content in comparison with the theoretical. Such a deficiency 
may well account for the low carbon content of the old type cephalin. 
For the final decision, it will be necessary to prepare sufficient material 
having the composition required by formula (IX), and to demonstrate 
that it contains the same fatty acids as those isolated from the ‘ ceph- 
alin”’ of the older writers. 

Recent work on cuorin by Levene and Komatsu and by MacLean, 
and the work on heparphosphatide by Levene and Ingvaldsen, bring 
forth additional facts which help to elucidate the relationship of the old 
type cephalin to the substance of the composition expressed by formula 
(IX). 

Cuorin and heparphosphatide. Cuorin was regarded as an indepen- 
dent individual phosphatide. Levene and Komatsu have shown that 
it was composed of a variety of fractions. One of these had the compo- 
sition of the so-called cephalin. This material could then be further 
fractionated and one of the fractions had the elementary composition 
required by the theory for definite intermediate products of degradation 
of cephalin. One of them very closely resembled the monostearyl 
glycerophosphoric ester of aminoethanol, for which 




















Cc H N P 
per cent | per cent | per cent | per cent 
Se CORT TRUE, «ong 0 5 non k occ cnaes cca 57.49 | 9.97 2.91 6.45 
And analysie found. ...........6ccccuccscasnn 56.93 | 9.23 2.14 6.05 





On the other hand, MacLean has shown that when the organs used for 
preparation of cuorin are fresh, the material obtained in place of cuorin 
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has the composition of the so-called cephalin. Thus these findings 
point towards the theory that so-called cephalin is an intermediary 
phase between true cephalin and cuorin, the latter being deficient not 
only in fatty acids but also in base. 

All that has been said in regard to cuorin may be repeated in the dis- 
cussion of the heparphosphatide of Baskoff. Levene and Ingvaldsen 
have shown that from comparatively fresh organs, instead of hepar- 
phosphatide, a material is obtained having the composition of cephalin, 
and again this substance was shown to consist of a variety of fragments. 

In summing up all the work on the correlation of elementary compo- 
sition to the chemical structure of the phosphatides containing amino- 
ethanol as base, it may be assumed that there exists in all tissues, first, 
a true cephalin having the composition required by formula (IX), and 
second, in tissues in a state of imperfect freshness, substances are found 
which differ in their elementary composition from formula (IX), but 
contain all the components required by it. To this group of substances 
belongs the “cephalin” of the older writers, together with cuorin and 
heparphosphatide. Whether their formation is entirely a post-mortem 
process or partly intravital, remains to be established. In part un- 
doubtedly the process is post-mortem. 

Configuration, possible isomerisms and further peculiarities of the 
cephalin molecule. The problem of the configuration of cephalin, as that 
of lecithin, pivots on the possibilities in the variation of the grouping 
of phosphoric acid and of the two organic acid radicles on the-glycerol. 
If our present information on the fatty acids of cephalin is correct then 
the problem of configuration of this phosphatide is simpler than that 
of lecithin. The reason is the following. Since linolic acid is hydro- 
genated into stearic acid, the hydrogenated cephalin is to be regarded 
as a distearyl phosphatide and may have one of the two alternative 
configurations as follows: 


CH.(OR;)CH(OR,)CH.(OR;) (the same as VI) 
or CH.(OR,)*CH(OR;)CH2(ORz) (X) 
(1) (2) (3) 


(In these, R; stands for a stearyl and R, for a phosphoric acid radicle) 
Only formula (X) contains an asymmetric carbon, and since hydrogen- 
ated cephalin was found optically active by Levene and West, the struc- 
ture (X) should be accepted. This theory is further substantiated by 
the fact that Levene and Rolf have isolated a levorotary glycerophos- 
phoric acid from a sample of cephalin which was free from any traces of 
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lecithin. True, in unreduced cephalin there is possible a structural 
isomerism depending on the respective positions of linolic and stearic 
acid radicles in the positions (1) or (2) of formula (X). At present there 
are no data permitting a-choice between these two possibilities. 

In connection also with cephalin one must bear in mind the possi- 
bility of the co-existence of two isomers derived from the two isomeric 
glycerophosphoric acids, as is claimed by Fourneau and his co-workers, 
and by Bailly, for lecithins. Fortunately for the student, no observa- 
tions justifying such an assumption have as yet been made. 

There remains to be discussed one peculiarity of cephalin which has 
been the cause of much speculation. While the hydrolysis of lecithin 
by means of acids or alkalies proceeds comparatively smoothly so that 
one finds no difficulty in isolating nitrogen-free glycerophosphoric acid 
and a nitrogen-free fatty acid fraction, the hydrolysis of cephalin seems 
to proceed at a much slower rate, so that prior to the work of Levene 
and Rolf it was found difficult to prepare from cephalin a glycerophos- 
phoric acid free from nitrogen. Furthermore, the fatty acid fraction 
was often contaminated with phosphorus containing fragments. To the 
mind of many workers this peculiarity in the behavior of cephalin 
militated against the theory that it was a derivative of glycerophos- 
phoric acid in the same sense as lecithin. This skepticism, however, is 
not warranted. Levene and Yamagawa, in their work on phosphoric 
acid esters of substituted glucosides, have shown that the rate ofhy- 
drolysis of phosphoric acid in those compounds is influenced by the 
nature of the substituents of the sugar molecule. On the basis of their 
observations, it is possible to conceive that the differences in the rate of 
hydrolysis of the phosphoric acid in lecithin and cephalin may be caused 
by differences in the nature either of their respective bases or of the 
fatty acid radicles. Further work in this connection is still needed. 

Relation of lecithin to cephalin. The final conclusion regarding the 
respective structure of lecithin and cephalin is that they differ un- 
equivocally in the nature of their bases, one containing aminoethanol, 
and the other its methylated derivative, cholin. 


CH; 
re 


4 
OHCH.CH:NH: OHCH.CH; — N — CH; 


i 
7 
OH CH; 


aminoethanol cholin 
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As regards the fatty acid, cephalin differs from lecithin as much as 
various lecithins differ among themselves. 

Historical. The history of cephalin is less complex than that of 
lecithin. In a way it is more satisfactory since nearly every new publi- 
cation on the subject marked a real progress, large or small, in the in- 
timate knowledge of this phosphatide. Fremy in 1884 described an 
ether soluble phosphatide which was insoluble in alcohol. In the light 
of subsequent knowledge he was dealing with cephalin. Thudichum 
(1884) was the first to individualize cephalin as a phosphatide distinct 
from lecithin. The differences according to Thudichum consisted in 
the nature of the fatty acids and of the bases. Whereas the unsaturated 
fatty acid of lecithin was identified as oleic, he described that of cepha- 
lin as cephalinic acid. He was unable to assign a structure to this acid, 
but he attributed the peculiarities of cephalin to this radicle. The basic 
radicles discovered by Thudichum in cephalin were neurin (cholin), 
aminoethanol, and a third base, not identified. However, in discussing 
the possible structure of cephalin he takes account only of cholin on 
the assumption that the other bases were degradation products of it. 
Thudichum was also the only writer who emphasized the discrepancy 
between the empirical elementary composition of cephalin and the one 
required for it by theory. The part played by Thudichum in the de- 
velopment of the theory of the structure of cephalin is typical of all his 
work on the chemistry of the brain. His general conceptions were 
usually correct. He had a wonderful chemical instinct for sensing 
distinction when such had been overlooked. He applied better chem- 
ical methods than his predecessors and many who followed him, but 
he nearly always failed in the details. In fact he often erred so much 
in this respect that entire chemical structures formulated by him had 
to be recast so as to make the true details fit the whole. So in connec- 
tion with cephalin, the true structure of the components was developed 
by a succession of subsequent workers. The true nature of cephalic 
acid has been recognized as linolic acid. Cousin was the first to suggest 
this hypothesis on the basis of the iodine value of the substance; Falk 
supported the same view on the ground of the hydroxy derivatives ob- 
tained from it. Finally, Parnas reached the same conclusion working 
on the hydrogen absorption of the acid and on the product of its hydro- 
genation. Thus there gradually accumulated an abundance of evi- 
dence supporting the view that the cephalinic acid of Thudichum was in 
reality linolic acid. In 1916 there appeared a publication by Mac- 
Arthur, which places the question in an entirely different light. With 
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Thudichum, MacArthur accepts the existence of a true cephalinic acid 
of the composition CjgsHxO3, but he also accepts the existence of two 
other acids, oleic acid and clupandonic (CigH2s03) or an acid CopH320r. 
He, however, admits that the evidence submitted by him is not con- 
clusive. Which of the two views on the nature of the unsaturated acid 
will survive remains to be seen from future experiments. 

The ideas on the basic component of cephalin have likewise crystal- 
lized gradually. The original work of Thudichum was followed by 
that of Koch (1902) in which the suggestion was made that the base was 
of the nature of amonomethylamine. The same conclusion was reached 
by Frankel and Neubauer in 1909. On the other hand, Cousin in 1907 
could isolate from cephalin no other base than cholin. In the light of 
subsequent work it is evident that these three workers were dealing 
with material mixed with lecithin. The state of knowledge of the 
structure of the base for a time remained stationary until a new impetus 
was given to the work by the contribution of Trier who isolated amino- 
ethanol from plant phosphatides. Soon Baumann (1913) and Renal 
(1913), working under the direction of Parnas, identified this base 
among the products of hydrolysis of cephalin. Finally, the application 
of the Van Slyke method of estimation of the unsusbtituted amino- 
groups brought about a further progress in the work on cephalin. It 
was shown that this phosphatide contained all its nitrogen in form of 
primary aminogroups. True, the samples of cephalin analyzed by 
Baumann and by Renal were not yet absolutely pure. Even the purest 
samples contained a few per cent of non-amino nitrogen, some contained 
more than 10 per cent. The proportion, however, was comparatively 
small and also varying, so that it justified. the conclusion that amino- 
ethanol was the only base present in cephalin, since no other bases with 
a& primary amino group have been found among the components of 
phosphatides. 

C. Sphingomyelin. Sphingomyelin is a phosphatide which differs in 
its physical and chemical properties from both lecithin and cephalin. 
On the basis of the most recent work, its chemical structure can be ex- 
pressed by the following graphic representation. 

The components. Formula (XI) assumes that the molecule contains 
four components in equivalent proportion; namely, phosphoric acid, an 
organic acid, and two bases, sphingosine and cholin. 

Phosphoric acid is readily liberated from the molecule on hydrolysis 
with either acids or alkalies. 
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Sphingosine radicle Lignoceric radicle 


poe me oe ce 


O — CyH»(OH)NH — COC2;Hy 











O=P—OH Js 
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O—CH.CH.N CH; 
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OH CH; 
Cholin 


Bases. Spingomyelin is the only phosphatide which has been defi- 
nitely shown to contain two bases in its molecule. It is the only one 
that may be correctly named a diamido-monophosphatide. In this 
sense the other two phosphatides, lecithin and cephalin, are mono- 
amido-monophosphatides. Since this manner of characterization in 
this instance proved to be correct and serviceable, the majority of 
workers on lipoids have extended its use to the characterization of many 
substances of doubtful existence. There have been described mono- 
amido-diphosphatides, triamido-diphosphatides, and a variety of other 
combinations. For the present most of the claims for the existence of 
such substances are not justified. 

Cholin. OHCH.CH.N(CH;);0H has already been mentioned in the 
section on lecithin. Its cohesion with the rest of the molecule of sphing- 
omyelin seems to differ from that of the other organic radicles. Thus, 
by barium hydroxide hydrolysis cholin is completely detached at a 
time when the other components apparently still remain united. It 
may be isolated in the form of its picrate and identified as the salt of 
chlorplatinic acid. 

Sphingosine. This in many ways is a unique substance. As yet it 
has not been discovered in plants. While cholin and aminoethanol 
are known to exist also as components of plant phosphatides, sphingo- 
myelin and sphingosine have thus far been isolated only from animal 
tissues. : 

The graphic presentation of the base as far as present knowledge 
permits it to be formulated, is as follows: 











| 
| 
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CH;(CH2)n1CH = CHCH(OH)CH(OH)CH.NH,* (XIT) 
5 4 3 2 1 


This formula represents the substance as a primary amine containing 
seventeen carbon atoms united in a normal chain. Thudichum de- 
termined its elementary composition and Levene and West have es- 
tablished the structure of the carbon chain as containing one unsatur- 
ated bond. Levene and Jacobs were the first to demonstrate the latter 
point by converting the base into its dihydro derivative. Sphingosine 
contains, besides the primary aminogroup, two hydroxyls, as was 
demonstrated by the formation of a triacetyl derivative. The latter was 
prepared independently by Levene and Jacobs and by Thierfelder and 
Thomas. These groups give to the base an important position in the 
structure of the phosphatide. 

The further details of the structure of the base were worked out by 
Lapworth and by Levene and West. The first of these writers has 
shown that on oxidation with chromium trioxide the base yielded a 
tridecylic acid. Through this finding he established the fact that the 
carbon atom carrying a double bond and the three substituted carbon 
atoms constituted a chain of four, attached to the other chain of thir- 
teen. Levene and West have shown that the double bond was situated 
in the position 4, 5 and that hence the three substituted carbon atoms 
constituted an uninterrupted chain. In an unpublished work, Levene 
has converted the base into the normal heptadecan. The respective 
allocation of the amino and hydroxyls is not yet established, nor is the 
configuration of the two asymmetric carbon atoms. Levene and West 
made an attempt to determine the latter but reached no convincing 
conclusion. The significance of the knowledge of the structure of the 
base to that of the phosphatide will be discussed later. 

Fatty acids. Two fatty acids have been isolated from sphingomyelin. 


The composition of the mixed fatty acids was found by Levene as fol- 
lows: 








LOWEST HIGHEST SS ae 

per cent per cent per cent 
Tekkvbdinonnwadieonnesenes sean spaee 75.49 76.75 75.98 
Gib ac0as0's oo-<caeme > nue ene eal ane 12.71 13.00 12.76 














* The author takes this occasion-to express his appreciation to H. MacLean 
for calling his attention to an error in the article on sphingomyelin. Referring 
to dihydrosphingosine, the present author gave the correct graphic formula, 


but in the text the number of hydrogen atoms is given as 35 instead of the correct 
number of 33. 
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Apparently on the basis of similar findings, Thudichum assumed the 
acid to be an isomer of stearic, since it melted at 57°C. whereas stearic 
melts at 70 to 71° C. By fractional distillation of the methylesters of 
the mixed acids, it was possible to separate them into two fractions. 
One consisted of the methylester of lignoceric acid and the second fraction 
analyzed for the methylester of a fatty acid with a lower carbon content. 
The true nature of the second is not well established, although it seemed 
to analyze for hydroxy stearic acid. The proportions of the two acid 
seemed to be equimolecular (Levene). 

The structure of the sphingomyelin molecule. Formula (XI) repre- 
sents the molecule of sphingomyelin as consisting of four components 
in equivalent proportions. Since two fatty acids have been isolated 
from sphingomyelin, one is again confronted with two alternative possi- 
bilities; either the substance is a diphosphatide, or a mixture of two 
individual phosphatides. For the present there exist no data permit- 
ting a choice between the two views. There is, however, sufficient 
evidence to support the theory that each monophosphatide is composed 
in the manner expressed by formula (XI). The supporting data are 
found in the results of elementary analysis and in those of quantitative 
hydrolysis. The results are given in the following table: 




















coisa | P 
_ 
per cent|per ce nt| per cent|per cent 
Lignoceric phosphatide (calculated)................. 67.48) 11.61) 3.42 | 3.79 
Oxystearyl phosphatide (calculated)................ 64.89) 11.21) 3.78 | 4.19 
Equivalent mixture of the two (calculated)..........| 66.24) 11.49) 3.59 | 3.97 
Sphingomyelin (Levene) (found).....................| 66.59) 11.34) 3.66 | 3.98 
FATTY saune | SPHINGOSINE 
per cent | per cent 
Theory for the equivalent mixture.................. 43.00 | 35.29 
Sphingomyelin (Levene) (found)..................... 43.00 | 34.10 











The nitrogen content of the crude base was found 4.5 per cent whereas 
the theory requires 4.91 per cent. 

Thus that part of the theory that assumes in sphingomyelin-mono- 
phosphatide a union of the four enumerated components is definitely 
established. The part of the theory expressed in formula (XI) which 
deals with the mode of linkage of the four components, is in certain 
points, supported by experimental evidence; in the main,- however, 
it is based on theoretical considerations. 
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As in lecithin, the glycerol molecule may be regarded as the bridge 
connecting the phosphoric acid and the acyl radicles, so in sphingo- 
myelin the central réle can be assigned only to the sphingosine which 
carries two hydroxyls and aminogroups serviceable for union with 
other radicles. Thus in truth in sphingomyelin one of the hydroxyls 
of sphingosine is united in ester form with the phosphoric acid radicle 
and the amino group is united with the acyl radicle. This latter as- 
sumption is based on experimental evidence. First, sphingomyelin 
contains no free primary groups in its molecule; and second, on hydroly- 
sis of sphingosine, an intermediary substance was isolated which ana- 
lyzed for lignoceryl sphingosine and which also contained no free pri- 
mary aminogroup. 

Accepting then the positions of the acyl and phosphoric acid radicles 
as given in formula (XI), there remain but two alternative possibilities 
for the allocation of the base cholin. A priori, it might combine either 
with the phosphoric acid in ester form as represented in formula (XI) 
or to one of the hydroxyls of sphingosine in ether form. Since it was 
found that on hydrolysis of sphingosine, cholin is detached very readily, 
and since a loose union is characteristic rather of an ester than of an 
ether linking, the preference is given to formula (XI). Furthermore, 
if the base were linked to the sphingosine molecule the phosphoric acid 
radicle in sphingomyelin should function as a monosubstituted phos- 
phoric acid and should lend to the phosphatide well-defined acidic prop- 
erties. In another point, formula (XI) is entirely arbitrary. As seen 
from formula (XII), the phosphoric acid radicle may be attached equal- 
ly well in the position 2 or 3. At present there are no data permitting 
a choice between the two possibilities. Furthermore, one must remem- 
ber that in formula (XII) the allocation of the primary aminogroup is 
as yet arbitrary. It may be allocated as well in position 2 as in 3, thus 
the positions of the hydroxyls might accordingly be different. 

Also, one must remember that regardless of the respective positions 
of the hydroxyls and of the primary aminogroup, the sphingosine 


molecule permits of four possible stereoisomers as presented in the 
following. 
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In these graphic presentations, R; stands for CH:NH» and R, for the 
rest of the molecule (carbon atoms 4 to 17). 

A priori, it is not- impossible that more than one isomer of the base 
exists in nature, and because of this, theoretically one must admit the 
possibility of the existence of several stereoisomeric sphingomyelins. 
On the other hand, accepting the existence in nature of only one form 
of sphingomyelin, one is not as yet in a position to assign its true 
configuration. 

Occurrence of sphingomyelin in different organs. Like lecithin and 
cephalin, sphingomyelin undoubtedly is a common constituent of 
cellular material of the animal kingdom. It has been isolated from 
all those organs in which it has been sought. In regard to both com- 
position and physical properties, samples of different origin seem to 
show little variation. The following table represents the results of 
the analyses of some samples from various organs. 


























Cc H N P [a], ae gee ACIDS 

per cent | per cent | per cent | per cent | per cent | per cent 

ae oxo een cs 66.59 | 11.34| 3.66 | 3.98 | +8.20| 34.10] 43.00 
Kidney 64.80] 11.41] 3.50 | 3.82 | +8.73| 32.10] 49.00 
Liver... 64.47 | 11.57 | 3.41 3.81 | +7.61 | 32.14] 41.70 
Egg yolk.......... 65.56 | 11.68 | 3.84 | 4.22 | +7.54| 33.70 | 43.40 





Physical properties of sphingomyelin. 


Sphingomyelin crystallizes in 


very thin plates, often congregating in form of rosettes. Dried, it has 
the character of a white powder of slightly waxy character. 

Test of purity. The orcin test with or without copper may be used 
as a test of purity of sphingomyelin. Pure sphingomyelin contains no 
galactose in its molecule; on the other hand, the principal impurities 
of the phosphatide are the galactosides. 

Historical. The name sphingomyelin was first introduced by Thudi- 
chum. In the light of modern investigation, the material in his hands 
was a mixture of sphingomyelin with a small proportion of cerebrosides. 
Since cerebrosides and sphingomyelin are soluble in hot alcohol and 
insoluble in cold, they are simultaneously extracted, when hot alcohol 
is used as the extractive. They are also simultaneously deposited as 
a white precipitate on cooling the hot extract. In this manner this 


mixture was first obtained by Vauquelin in 1812 and described as the 
Couerbe in 1834 described it as “‘cerebrot,”’ 
In 1865, Liebreich prepared 


“substance blanche.”’ 
and Fremy in 1841 as “‘cerebric acid.’ 
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from this material a substance named by him protagon, and soon 
afterwards there began an intermittent controversy as to the real 
existence of this substance. Diacanow and Hoppe-Seyler were the 
first opponents to the Liebreich theory. Thudichum, who isolated 
his sphingomyelin from the so-called protagon, saw more clearly than 
the other workers the true nature of protagon. However, the contro- 
versy continued to our day, when it was conducted by Gies and his 
co-workers in the negative, and by Cramer in the affirmative. A yery 
complete historical sketch of the controversy is given by MacLean in his 
monograph of Lecithin and Allied Substances. 

It must be said that the tenacity of the controversy was due princi- 
pally to the lack of information on the chemical structure of sphingo- 
myelin. On the basis of the elementary composition, protagon can be 
conceived as consisting of one equivalent of sphingomyelin and two 
of cerebrosides. From formula (XI), it is evident that there are two 
positions which could readily serve for linkage of cerebrosides to the 
phosphatide; namely, the two free hydroxyls. Cerebrosides also can 
unite with other, groups most readily through their hydroxyls. Thus 
the union of a cerebroside to the sphingosine of the sphingomyelin 
would result in an ether linking. Such a linking is characterized by its 
great stability. The second cerebroside radicle could then be united 
either to the phosphoric acid in an ester linking, or as a dicerebroside 
in which the cerebrosides are united between themselves in ether form. 
Thus protagon should have had one of the two following structures: 


Ri ti 
| 


O—C,;H»ONH — COC.3Hy7 O—C,;H»xONH —COC.3H47 
3 


O=P—0O — R, O=P—OH 
\ 
- OQ — CH,CH,N(CH;);0H O—CH, CH: N (CHs)3 OH 
(XVII) (XVIII) 


There is no reason to believe that substance (XVII) or (XVIII) 
should be so unstable as protagon was found to be. 

The most important work of recent years which helped to clarify 
the confusion of ideas on protagon was that of Rosenheim and Tebb 
in 1908. ‘These authors introduced pyridin as a reagent for the separa- 
tion of sphingomyelin from cerebrosides. The product obtained by 
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them must be regarded, in the light of subsequent work, as crude 
sphingomyelin. As regards the theory of the structure of the sub- 
stance, Rosenheim and Tebb were ready to accept that advanced by 
Thudichum. In the evolution of the theory of the structure of sphingo- 
myelin the merit of Thudichum consisted in recognizing the fact that 
sphingomyelin did not contain glycerol, but that it contained two 
bases, cholin and sphingosine. However, he isolated the bases only 
in a state of great impurity, and hence the presence of sphingosine in 
the molecule of sphingomyelin was made probable rather than proven. 
Furthermore, Thudichum accepted the existence in the phosphatide of 
a higher alcohol, sphingol. In formula (XI), as advanced by Levene, 
there is no room for that alcohol. The nature of the fatty acids was 
not recognized by Thudichum. The theory of the structure developed 
in this review is based principally on the work of Levene published in 
1916. The following table, taken in the main from the monograph 
of MacLean, records practically all the occasions in which individual 
workers dealt with crude sphingomyelin. 





Cc H N P 














per cent|per cent|per cent|per cent 

Couerbe (cerebrot) 1834............... 67.82) 11.10) 3.40 | 2.33 | Brain 
Thudichum (sphingomyelin) 1884..... 65.37) 11.29) 2.96 | 3.24 | Brain 
Thudichum (apomyelin) 1884......... 67.10) 11.35) 3.00 | 3.23 | Brain 
Thudichum (amidomyelin) 1884....... 62.4 Brain 
Stern and Thierfelder (Weisse Sub- 

SE aaa 68.15) 12.14] 2.77 | 3.22 | Egg-yolk 
Rosenheim and Tebb (sphingomyelin) 

Sa diid duo vewusen ed’ Mass eeerekes 62.90) 11.54) 3.3 | 3.46 | Brain 
Dunham and Jacobson (Carnaubon) 

EE ep en 67.12) 11.54) 2.84 | 2.18 | Ox kidney 
ah, Dace ied Gs ies én oes 68.19) 12.37) 3.00 | 3.44 | Horse kidney 
EES PR err 3.07 | 3.41 | Ox heart 




















D. Physico-chemical properties. The physico-chemical properties of 
all phosphatides may be discussed in one chapter for the reason that 
in this respect they are very similar, the possible differences being 
only of quantitative nature. 

As seen from their structural formulae, all possess amphoteric proper- 
ties. In the free state they are only moderately soluble in water and 
are non-diffusible through such membranes as are impermeable to 
proteins. Thus from the viewpoint of their physico-chemical prop- 
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erties, phosphatides resemble proteins and hence it is logical to expect 
the action of electrolytes on each of the two classes of substances to 
be similar. 

Taking into account the results of the recent work on proteins by 
Jacques Loeb, one may expect that the interaction between phos- 
phatides and electrolytes should be determined by the hydrogen ion 
concentration of the surrounding medium. Speaking in terms of pH, 
at a pH value higher than that of their isoelectric point, the phosphatides 
should act as anions and conversely at a lower pH value as cations. 

On the basis of the work of Jacques Loeb on proteins, it again should 
be expected that the osmotic pressure of an aqueous emulsion of lecithin | 
or other phosphatides would be influenced by electrolytes in the sense 
of the Donnan membrane equilibrium. Unfortunately all the work 
on the action of electrolytes on phosphatides antedates the recent 

work of Loeb and is based on the older conceptions of colloidal chemistry. 
age ° ° P ° 
But such experimental data as exist might be employed in support of 
the newer viewpoint. The intention of the individual workers was to 
establish a complete parallelism between the nature of salt action on 
proteins and on phosphatides. Admitting then that this parallelism 
has been established and admitting further that the true chemical 
mechanism of the interaction between electrolytes and proteins has 
been clarified by the work of Loeb, one naturally feels justified in 
applying the reasoning of Loeb for the interpretation of the mechanism 
of the interaction between electrolytes and phosphatides. 

These introductory remarks, it is hoped, will facilitate the appre- 
ciation of the true value of the older work. In 1868, Strecker formu- 
lated the structure of salts of lecithin .with neutral inorganic salts 
analogous to the salt of sodium chloride and glycocol. 


CH2NH: HCl 


COONa 


The cadmium chloride derivative and the chlorplatinate of lecithin 
had according to Strecker a structure analogous to that of complex 
salts. 

More recent work dealt principally with the precipitation phe- 
nomenon. Waldemar Koch, and Pages and Neubauer, were the prin- 
cipal authors who contributed to this subject. They explained the 
phenomenon in the light of the views of colloidal chemistry which then 
came to the foreground. Pages and Neubauer were particularly 
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emphatic in claiming a complete analogy between the action of salts 
on phosphatides and on proteins. Thus, in their observations the 
action of anions seemingly followed the Hofmeister series, and the 
precipitation series seemed to them analogous to those observed by 
Pauli for proteins. In the precipitation effect of FeCl; on lecithin 
Pages and Neubauer saw an action of two colloids of unlike electric 
charge, while the precipitation of lecithin by cadmium chloride was 
interpreted by them as an adsorption phenomenon. Similar to the 
older workers on proteins, these were ignorant of the influence of the 
concentration of the hydrogen ions on the combining power of ampho- 
teric substances, and like those older workers on proteins, they came 
to erroneous conclusions. 

The work of Thomas in 1915 is particularly interesting. He found 
that the addition of electrolytes brings about a fall in the osmotic 
pressure of a lecithin emulsion. An identical effect had been previously “=x 
observed in the action of electrolytes on proteins (Loeb, Lillie, Pauli 
and others). In connection with proteins the phenomenon has been 
explained by Loeb on the basis of ‘“‘membrane action’’ discovered by 
Donnan in 1911. Donnan’s law undoubtedly explains also the obser- 
vations of Thomas. 

Thus it is obvious that a revision of the older work on the physico- 
chemical properties is much needed in order to fortifv by experimental 
proof, conceptions which a priori seem very probable. In connection 
with such work, one may mention that of Feinschmidt done in the 
laboratory of Michaelis. This author made an attempt to establish 
the isoelectric point of lecithin and found that it varied for different 
samples, occurring at a pH value varying between 2 and 4. In view 
of the fact that theoretically it may be expected that the isoelectric 
point of lecithin and that of cephalin should occur at different magni- 
tudes of pH, and in view of the fact that the material in the hands of 
Feinschmidt was undoubtedly a mixture of phosphatides, it is important 
to re-determine the isoelectric points of phosphatides on pure materials. 
Of considerable interest from both practical and theoretical viewpoint 
is the observation of Feinschmidt that lecithin may combine with 
protein and that the pH value of the isoelectric points of the resulting 
complex differs from that of either of the original materials. This 
conclusion also needs to be substantiated by more careful experi- 
mentation. 
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IV. BIOLOGICAL ASPECT OF THE PHOSPHATIDES 


The interest of the biologist in phosphatides lies not in the theories 
of its structure, but in the part the substances play in the phenomena 
of life. The investigator even at the end of the eighteenth and of the 
early nineteenth centuries was attracted not only by the purely chemical 
side of the work, but also by its possible bearing on many fundamental 
problems of life. As times and knowledge progressed, the phosphatides 
were called upon to unravel the mystery of diverse biological phe- 
nomena, so that today there has accumulated a volume of literature 
on the subject. too large for one man to digest even were he endowed 
with extraordinary abilities. The present writer has watched the 
biological work on phosphatides from a distance and hence could see 
only the currents of thought contained in it. Such as they seem to 
him they will be pointed out here. A few of them will be analyzed 
from the viewpoint of chemical theory, while some will be simply 
referred to. 

The earlier worker on phosphatides was interested in them princi- 
pally because they seemed to him specific of the brain and nerve tissue. 
Through the chemical analysis of the brain and of other organs, in 
respect to their phosphatides, he hoped to penetrate into the causes 
of mental activity and of the respective ‘“quality’’ of the brain of 
persons endowed with different mental abilities. Thus the brains of 
the idiot and of the normal person were analyzed, also those of persons 
with various forms of insanity. 

_ Writes Couerbe in 1834, “L’etude chimique de cette masse essentielle 

devra donc nécessairement fournir quelque chose de remarquable 
surtout si elle est faite sur divers cerveaux provenant d’individus 
aliénés, d’individus idiots, enfin d’individus a’ |’état normal.” He 
then proceeds to report the following findings. The phosphorus con- 
tent of normal individuals varies in the neighborhood of 2.5 per cent, 
that of idiots is about 1 to 1.5 per cent, and that of insane about 3 
to 4.5 per cent. Hence he reaches the conclusions that the sensitiveness 
of the brain is intimately associated with its content in phosphatides. 

Couerbe’s trend of thought inspired many workers up to our own 
day. Waldemar Koch particularly has devoted much energy to the 
search for relationship between the composition of brain phosphatides 
and the physiological or pathological condition of that organ. 

Work of this nature was justified, especially at the end of the eigh- 
teenth and the early nineteenth centuries, when modern theories of, 
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solutions, of diffusion and osmosis, of potential differences in solutions, 
etc., did not exist, and when elementary composition was the principal 
characteristic of a substance which the chemist could deal with intel- 
ligently. Of more modern nature is the work which attempts to find 
an answer to the question of the biological function of phosphatides 
on the basis of either their chemical structure or of their physico- 
chemical properties. 

The details of the current of thought which connects chemical 
structure and biological activity is the following. If in a series of 
organs with distinct function, or in the same organs of animals of 
different species, the phosphatides possess a distinct chemical structure, 
then it may be assumed that the phosphatides play a part in bringing 
about the specificity of the organ or of the species. Such a part might 
have been claimed for phosphatides on the basis of the work of S. 
Frankel and his co-workers who were led to believe that phosphatides 
differed from organ to organ and from species to species. However, 
the various substances described by workers in Frinkel’s laboratory 
did not stand the test of more careful analysis, and as was stated in 
preceding sections, modern work tends to the view that the number of 
phosphatides is limited to three: lecithin, cephalin and sphingomyelin. 
In regard to lecithin, there exists undisputed evidence that the one 
derived from the liver differs in the details of its structure from that 
of the brain and of the egg yolk. The extent of the variations in 
other organs is not yet known. Theoretically, cephalin and sphingo- 
myelin also permit of variations, but as yet there is no evidence of the 
existence of such. Thus at present it would be premature to formulate 
general conclusions as to the biological réle of phosphatides on the 
basis of their chemical variability. 

On the other hand, there exists evidence that cells of different organs 
differ in the proportions of total phosphatides contained in them. 
Nerking called attention to this fact in 1908.. In 1913 and 1914, A. 
Mayer and Schaeffer came to the conclusion that the content of phos- 
phatides is a constant for every cell or tissue and apparently is inde- 
pendent of the physiological factors such as growth or state of nutrition. 
The latter condition affects the content of phosphatides exclusively in 
the liver and then in a slight degree only. This finding is very signifi- 
cant inasmuch as it may be used as a basis for the theory that biological 
specificity, individuality, or character, is brought about not by single 
substances but rather by definite and constant equilibria of substances. 
The mechanism by which such equilibria are maintained is as yet 
unknown. 
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The universal distribution of phosphatides, their constant concen- 
tration in the same cells under differing conditions, creates the belief 
that phosphatides play a very important réle in the organization of 
the living cell, even if they are not responsible for cell specificity. 
The explicit function of phosphatides was therefore the subject of much 
speculation by both the older and modern writers. Physiologist, 
morphologist and physical chemist have theorized on the subject, 
each from his own angle of vision. The general physiologist associated 
lecithin, or more correctly mixed phosphatides with the function of 
tissue oxidations. Thunberg and A. H. Warburg followed the rate of 
oxidation of lecithin in the presence of iron, and were inclined to asso- 
ciate cell oxidation with phosphatides. Other workers, as Kovliova, 
saw in phosphatides substances which acted catalytically on the oxida- 
tive processes of the animal organism. In the same sense may be 
viewed the conclusions of Vernon that the action of animal oxidases 
is dependent on the presence of phosphatides. Suggestive as the work 
on the réle of phosphatides on the oxidative processes may be, one must 
not overlook the fact that the conclusions reached through it are rather 
of a speculative nature and are not the only possible and binding 
experimental conclusions. 

More modern, definite and exact is the work which deals with that 
biological significance of phosphatides based on their physico-chemical 
properties. It has already been stated that phosphatides are ampholites 
with an isoelectric point at a definite hydrogen ion concentration, also 
that they are comparatively only slightly soluble in water. When they 
are immersed in an aqueous solution of electrolytes, a heterogeneous 
system is established. In the two principal phases of this system 
salts and their ions are distributed in different concentrations. The 
mechanism which brings about this difference in concentration is per- 
haps not very simple. Loeb and Beutner who were the first to interest 
themselves in this aspect of the phosphatide problem explained the 
phenomenon on the basis of differences in the solubility of the ions 
in water and in phosphatides. In the light of the more recent work 
of Loeb, the phenomenon of ‘‘membrane equilibrium” discovered by 
Donnan may play a more important, if not exclusive part in bringing 
about a difference in the ionic concentration within and without the 
phosphatide phase. This difference of concentration in its turn results 
in a difference of electric potentials which follows Nernst’s law. Thus 
Loeb and Beutner, and Loeb, have shown that the so-called bioelectric 
currents are brought about in part by the physico-chemical properties 
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of the phosphatides. We say advisedly ‘‘in part’’ for the reason that 
from the most recent work of Loeb, it follows that proteins share an 
equal réle in the mechanism of bioelectric currents. 

In this connection must be mentioned a very ingenious suggestion 
concerning the rdle of phosphatides made by Mulon. According to 
this writer phosphatides are present in mitochondria. In these morpho- 
logical units the function of phosphatides is to establish a certain 
equilibrium of electrolytes within and without them. 

Before concluding the general physiology of phosphatides, it is well 
to refer to the work dealing with the synthesis and mode of catabolism 
of phosphatides within the organism. The advance in the knowledge 
of this branch of the subject has been made through the work on the 
developing organism. Strange as it may seem, the study of the changes 
in the arrangements of the various phosphorus compounds in the 
developing egg brought out not the mechanism of the synthesis of 
lecithin, but of its disintegration. From the fact that in course of 
development the content of phosphatides declines, whereas the pro- 
portion of inorganic phosphatides and of nucleins rises, it may be con- 
cluded that lecithin in part serves for storing the phosphoric acid to 
be released for other purposes. The chemical facts underlying this 
thought seem to be well established by a number of investigators: 
Kossell, Maxwell, Mesernitzy, Schasel, Carpeaux, Plimmer and Scott, 
Robert and Wasteneys. Naturally, the fact that the reserve lecithin 
is broken down in course of development does not argue against the 
possibility that out of the debris new lecithin is formed in the young 
cells of the embryo. The limitations of the present day methods make 
it impossible to discover such a process even though it exists. On the 
other hand real synthesis of lecithin, it is claimed, occurs even in the 
adult. The foundation for this belief is the following. It was demon- 
strated by Plimmer that intestinal mucosa contains an enzyme capable 
of hydrolyzing lecithin, and also that hens fed on food containing a 
minimal proportion of lecithin lay eggs normal in respect to their 
phosphatide content. The most reliable work in this connection was 
done by McCallum and his co-workers, and by Fingerling. Also Smith 
and Mair have contributed in the work pointing toward this theory. 
There is one possible objection to the conclusion of McCallum and 
other workers which they have failed to take into account. The 
phosphatides which they regard as newly formed may in reality only 
be transported from other organs. This objection could be met if it 
were shown that hens could lay normal eggs indefinitely if maintained 
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on food containing phosphoric acid only in form of its inorganic salt. 
A more definite proof for the assumption of phosphatide synthesis 
in the adult organism was furnished by MacLean and Williams (1909), 
who observed that the character of the fatty acids of the lecithin of eggs 
varies with the change of diet. 

Passing from general to special physiology, one finds two chapters 
in which extensive reference was made to phosphatides. One is on 
fat metabolism and the other on blood coagulation. 

In connection with the problem of fatty acid catabolism, a theory 
has been advanced which holds that fatty acids in the organism prior 
to their combustion enter into a complex molecule which by their 
entrance constitutes lecithin. This theory postulates that for some 
reasons chemical or physical, fatty acids are more easily oxidized by 
the organism when they are combined with glycerophosphoric acid than 
when they are in a free state. Loew theorized on this subject in 1899. 
Later, McCollum and his co-workers, then MacLean and Williams, 
and still later Bloor, furnished experimental evidence supporting the 
theory. In harmony also with this theory is the finding of Levene 
and Ingvaldsen and of Levene and Simms, that liver lecithin contains 
fatty acids of a higher degree of unsaturation than that of other organs. 
It is too early to predict the fate of this theory. However, its analogy 
with the theory of the oxidation of carbohydrates in the living organ- 
ism is striking. Here also it is claimed that prior to its oxidation the 
sugar molecule enters into union with phosphoric acid, and that thus 
united it is more susceptible to the action of glycolytic enzymes. Both 
theories offer an attractive field for further work. 

In all theories on blood coagulation since the days of Alexander 
Schmidt, an important place was attributed to substances which are 
now designated as “‘lipoids.’”’ In recent years an attempt was made to 
single out that one of the various “lipoids’’ which participates in the 
process of blood coagulation. This task was undertaken by Howell 
in 1912. He arrived at the conclusion that only cephalin possessed 
thromboplastic properties. Later in 1917, McLean, a student of 
Howell, connected the activity of cephalin with the state of unsatura- 
tion of one of the fatty acids present in its molecule. In the publication 
of 1912, Howell considers the possibility of the active principle (throm- 
boplastic substances) being an impurity adhering to the phosphatide, 
and rules this assumption out on the basis of his experience. The 
finding of Howell is very important. To the knowledge of the writer 
it is the first instance where a definite physiological function was cor- 
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related with an individual phosphatide. The very important obser- 
vation of Delezenne and Fourneau of a similar nature will be referred 
to later. 

To the writer it seems that further work is required before the actual 
part of cephalin in the process of blood coagulation will be made clear. 
According to Howell and other workers, egg lecithin has no thrombo- 
plastic action. In the light of our present knowledge ‘“‘lecithin’”’ as 
generally used is a mixture of undecomposed lecithin and cephalin. 
“Cephalin,”’ on the other hand, contains all that is contained in “leci- 
thin” and in addition decomposition products of lecithin and of cephalin, 
together with other impurities. Such was the material prepared by 
Howell. The purified material used by McLean and furnished by 
Levene and West was free from lecithin and its fragments, and was 
composed of cephalin, its decomposition products and perhaps some 
other impurities. The fact is significant that partially reduced cephalin 
which contained fewer impurities than the original material was inac- 
tive even though it contained part of its unsaturated radicles unaltered. 

Thus the questions that arise are: Is lecithin in its thromboplastic 
action antagonistic to cephalin? Is a degree of decomposition required 
to render cephalin active, and if so, what degree? Finally, is thrombo- 
plastic activity due to something other than cephalin but adhering 
to it? These problems will be solved only after the methods of prepa- 
ration of pure cephalin have been perfected. 

Many other chapters of physiology deal with the phosphatides. 
As already mentioned, the references are too numerous to be discussed 
analytically and critically in a short review. On the other hand, they 
interest principally the specialist and not the one seeking general 
information. The reviewer begs the indulgence of the authors whose 
work he has failed to discuss. 

Before concluding the review he wishes, however, to make a few 
remarks in connection with the rdéle of lipoids in pathology and in 
clinical medicine. Great importance has been attributed to the distri- 
bution of phosphatides in the various organs and particularly in the 
blood in certain pathological conditions. The value of such work 
depends entirely on the degree of exactness of the analytical methods 
employed for this purpose. Bloor and Greenwald have contributed a 
great deal to place the problem on a more modern basis. 

To those who are interested in work on immunity, or in work on the 
physiological action of phosphatides as chemical individuals, the re- 
viewer desires once more to point out the importance of the observa- 
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tions of Delezenne and Fourneau on hemolysis, and those of MacLean 
on vitamines. Delezenne and Fourneau have demonstrated, as Man- 
waring suggested before them, that in hemolysis a cleavage product of 
lecithin is the active agent. Hence, when the activity of a phosphatide 
is tested, one must distinguish between the pure intact phosphatide 
and a mixture containing besides the phosphatide, also the products 
of its partial disintegration. 

The work of MacLean has demonstrated the extreme caution which 
one has to exercise in regard to conclusions concerning the physiological 
activity of such substances as phosphatides. It had been claimed that 
lecithin could function as a vitamine. MacLean has proven that it 
functioned in this manner only when impure, and that it lost its vitamine 
activity when purified. It is a very difficult and laborious process to 

purify phosphatides, but for pharmacological and immunity work 
only pure substances should be employed. 
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Oxidation in the living cell is primarily for the purpose of rendering 
energy available for useful purposes. The evolution of heat which is 
characteristic of oxidation is of direct value for the maintenance of 
body temperature for only a minority of living forms, and the trans- 
formation of energy into other forms than heat is of greater significance. 
It is clear that apart from the mechanism of the actual combustion the 
mobilization and mode of utilization of the liberated energy is of at 
least equal importance. In the following review the chemical processes 
concerned with oxidations in living tissues alone will be considered, 
leaving the more strictly biological portion of the subject to others 
more competent to deal with it. 

Information concerning physiological oxidation is chiefly derived 
from two sources; namely, direct observation of biochemical processes, 
the results of which are then compared and contrasted with reactions 
occurring independently of living organisms; and secondly, the appli- 
cation of knowledge gained in the study of oxidations in vitro to re- 
actions occurring in organized cells. This of course presupposes that 
no fundamental differences in kind necessarily exist between oxidations 
which are brought about in living tissues and by the chemist’s reagents. 
This supposition which so many seemed to question a few years ago 
seems to gain in probability as research extends the scope of experi- 
mental investigation. It follows therefore that every advance in our 
knowledge of simple oxidation reactions gained in the chemical labora- 
tory should be most carefully scrutinized with a view to discovering 
possible biochemical analogies. Certain chemical researches of this 
character appear so significant for biochemistry that they may be at 
once referred to before passing to the consideration of the oxidation of 
more strictly biological substances. 

Oxidations in vitro. The apparent absolute necessity for the parti- 
cipation of water at some stage in almost every oxidation is a fact of 
great significance. As every one knows, the taking up by a substance 
of oxygen is called “oxidation,” while parting with it is called ‘‘reduc- 
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tion; and by convention, the loss of hydrogen by a substance is also 
termed oxidation, while gain in hydrogen is regarded as reduction. 
This convention tacitly implies the participation of water in some stage 
of the reaction, but it is only recently that much light has been thrown 
on the function of water in simple oxidations. It has long been known 
in terms of the electrolytic dissociation hypothesis that the oxidation 
of ions is synonymous with an increase in their positive ionic charge, 
or, what is equivalent, a reduction of the negative charge, while reduc- 
tion involves the diminution of the positive or increase of the negative 
ionic charge. It was a rational assumption to suppose that the func- 
tion of the water found to be necessary in many simple oxidations was 
concerned with the furtherance of ionic dissociation and that without 
ionic dissociation in the absence of water no chemical reaction would 
occur. It appears however that water plays a much more important 
role than that just indicated. With regard to chemical reactions gen- 
erally including oxidations, it is becoming increasingly evident that 
the participating molecules are prone to unite with the formation of 
unstable additive compounds which then undergo intramolecular 
rearrangement and break down into the simple end products of the 
reaction. 

Recently H. v. Wartenberg and Sieg (51), utilizing earlier experi- 
ments of Wieland and others, have produced the most positive and 
convincing evidence that the oxidation of the simplest carbon com- 


pound, carbon monoxide, to carbon dioxide by means of oxygen takes 
place in the following phases: 


CO + H,0 = HCOOH 
H* COOH = CO; + Hy: 
H, + O2 = H,02 
H,0, = H,0 + 30: 


The above scheme effects a reconciliation between older views 
advanced by Dixon (14), Traube and others. Perhaps one of the 
most extraordinary observations concerned with this reaction is the 
fact that while water is absolutely necessary for the reaction, free oxygen 
is not essential; for Wieland showed that using palladium black in the 
absence of oxygen but in the presence of water, carbonic oxide could 
be oxidized to carbon dioxide at room temperature with liberation of 
hydrogen. It should be understood that the above scheme of reaction 
for the burning of carbonic oxide is not a figment of the chemist’s im- 
agination but is based on the actual isolation under suitable experimental 
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conditions of formic acid, hydrogen and hydrogen peroxide as inter- 
mediate products. 

An analogous reaction undoubtedly takes place in the combustion 
of methane in oxygen, for Bone and Wheeler (12) have detected the 
formation of large amounts of formaldehyde. It is probable that for- 
maldehyde is not the first product but derived from an earlier more 
unstable addition compound and that it then undergoes simultaneous 
oxidation to carbonic oxide and carbon dioxide. 

On glancing once more at the series of equations representing the 
combustion of carbon monoxide it will be noted that: a, A primary 
unstable addition compound (formic acid) is produced. 6, Hydrogen 
is then separated from this addition compound. c, The hydrogen then 
unites or is “accepted”’ by free oxygen with the formation of a peroxide. 
d, The peroxide decomposes to give water with re-liberation of molecular 
oxygen in amount equal to half of that taking part in reaction c. It is 
reasonable to believe that if the simple reaction CO + O = COeis in 
reality resolvable into four concurrent chemical changes, a closer analysis 
of biochemical oxidations will reveal similar analogies, and indeed they 
are already being discovered. It will be seen that in the reactions 
concerned with the oxidation of carbon monoxide to carbon dioxide, 
the most essential change consists in the removal of hydrogen from the 
formic acid resulting from the union of carbon monoxide and water 
and that oxidation, strictly speaking, only begins when the liberated 
hydrogen has to be dealt with. This conception of the lability of 
hydrogen as being at the root of many or, as some suppose, all oxidations 
is one of the newer ideas that is bound to affect the study of biochemical 
oxidations profoundly. These ideas have been largely but not exclus- 
ively developed by H. Wieland (54) and according to them oxidation 
is to be regarded essentially as a process of dehydrogenation. It is 
interesting to recall that many years ago Hoppe-Seyler ascribed the 
alleged activation of oxygen in living cells to the resolution of the oxygen 
molecule by nascent hydrogen or similar reducing agent with formation 
of water and an atom of active oxygen. Hoppe-Seyler’s theory as 
originally advanced is clearly not in harmony with present knowldege 
but it will be found that modern conceptions bear not a little resemblance 
to much of his teaching. 

Wieland’s theory of dehydrogenation. The essential difference between 
Wieland’s theory of oxidation and most previous conceptions such as 
those of Bach and Chodat lies in the fact that no activation of oxygen 
is postulated but rather an activation of hydrogen which in the presence 
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of a suitable acceptor is removed with resulting oxidation of the original 
substance. As an acceptor for hydrogen, oxygen naturally plays an 
important réle with consequent production of water, but other reducible 
substances such as quinones and quinonoid dyes, such as methylene 
blue, may serve equally well. In the living cell the effects of such 
acceptors have long been known and recently Hopkins has actually 
isolated and identified such a compound. These researches will be 
referred to later. 

Most of Wieland’s earlier experiments were made using\alfpadium as 
catalyst. As is well known, palladium, which absorbs hydrogen freely, 
is commonly used as a catalyst to effect reductions of organic compounds 
by shaking with hydrogen gas. Wieland showed first of all that these 
reactions, which were, it is true, known to be reversible at very high 
temperatures, were really reversible changes at room temperature. 
For example, he demonstrated that while benzoquinone is readily reduced 
by hydrogen and palladium to hydroquinone the latter substance could 
be equally well oxidized to benzoquinone,’ In other words, a condition 
of equilibrium existed which could be shifted according to experimental 


conditions. Similar observations were made on the interconversion 
of alcohols and aldehydes: 


O 

I] OH : 
Ca +H, = ©) R:‘CHO+ H, — R'CH,OH 

II OH 

O 


But what was of greater importance was the demonstration that the 
oxidation could be brought about in the entire absence of free oxygen. 
The conclusion was inevitable that the apparent oxidation was due to 
the transport of labile hydrogen from the hydroquinone to the palladium. 
Naturally the reaction cannot proceed very far unless means are taken 
for the removal of hydrogen from the palladium which as already stated 
may be accomplished by oxygen or some other reducible substance. 

According to these views the catalytic function of the palladium is 
to be sought not in an activation of oxygen with possible intermediate 
formation of peroxides but rather in an activation of ‘the hydrogen 
atoms of the oxidizable substance. 

The reactions above referred to represent oxidations due to the 
removal of hydrogen, but Wieland has shown that his dehydrogenation 
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theory of oxidation is also applicable to cases in which oxidation is 
accompanied by the entrance of oxygen into the molecule. For example, 
he showed that aldehydes reacting in the form of their hydrates could 
be oxidized to the corresponding acid by palladium and a hydrogen 
acceptor: 


H f= 
R‘CHO -—-—— R:C—OH — R:‘C=0+H; 
Na 
aldehyde aldehyde-hydrate acid 


The probability of the correctness of this view of the mechanism was 
enhanced by the fact that when water was absent from the reacting 
mixture and no possibility existed for the formation of the hydrate 
form of the aldehyde, no oxidation took place. It should not be for- 
gotten, however, that under different conditions the oxidation of alde- 
hydes to acids with the intermediate formation of a peroxide has been 
satisfactorily established by Baeyer and Villiger. The change in the 
case of benzaldehyde may be represented as follows: 


C.H;* CHO + 0; = C,H;*CO*O-OH (benzoylhydrogen peroxide) 


The application of Wieland’s theory to biochemical reactions has 
been made with noteworthy success in spite of the fact that most 
biochemists are prejudiced in favor of conceptions involving oxygen 
activating ferments. In the first place it was necessary to show that 
the materials which furnish the main supplies of energy to living cells 
are capable of undergoing dehydrogenation. This was accomplished 
by demonstrating that many metabolites could be oxidized in the 
complete absence of oxygen using palladium as catalyst so as to yield 
hydrogen and oxidation products. In the presence of a suitable acceptor 
for the hydrogen the oxidation was naturally effected more completely. 

Glucose and gluconic acid, for example, are readily oxidized to carbon 
dioxide. Lactic acid gave pyruvic acid and hydrogen as initial products, 
this representing a reversible reaction known to occur both in the body 
and outside it. If the hydrogen is removed as formed by shaking with 
oxygen, the yield of pyruvic acid is at first greatly increased, but later 
on it decomposes with production of acetic acid and carbon dioxide. 
This last reaction suggests that the system under consideration has also 
the effect of Neuberg’s carboxylase ferment converting the pyruvic acid 
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into acetaldehyde and carbon dioxide, the aldehyde hydrate then being 
further dehydrogenated with production of acetic acid. 


CH; CHOH:COOH = CH; CO:COOH + H, 


CH;COH + CO, 
H 
CH;'C—OH — CH; COOH+ H, 
Nu 


In addition to the above mentioned reactions many others which 
were hitherto regarded as typical of the action of oxydizing ferments 
were shown by Wieland to be equally well carried out in the absence 
of free oxygen through catalytic dehydrogenation with palladium. 
Negative results were however obtained with tyrosine and with uric 
acid. It is therefore not possible to simulate the action of tyrosinase 
and, uricase with palladium, and this failure Wieland is inclined to 
ascribe to the necessity for hydrolytic ferments to act in conjunction 
with the specific “‘ oxidases.” 

Perhaps the most striking demonstration of the probability that 
many tissue oxidations are in reality dehydrogenations has been fur- 
nished by Wieland in the case of the ferment of acetic acid-forming 
bacteria. In these experiments no palladium is used but either the 
living or dead bacteria are used in its place. In the complete absence 
of oxygen, but using methylene blue or quinone as hydrogen acceptor, 
ethyl alcohol may be converted into acetic acid and furthermore the 
yield of acetic acid precisely corresponds to the amount of dyestuff 
undergoing -reduction. Acetaldehyde is of course an intermediate 
product of the reaction. 

The well-known Schardinger test for distinguishing heated from fresh 
milk depends upon the fact that methylene blue which when present 
alone is extremely slowly reduced by fresh milk, is rapidly reduced when 
an aldehyde is present. A thermolabile catalyst is clearly concerned 
in the reaction. It is now realized that the reaction depends upon the 
reduction of the methylene blue when the dye acts as an acceptor for 
hydrogen set free by the oxidation of the aldehyde by dehydrogenation. 
Wieland has shown that the three following typical aldehyde reactions 
are catalyzed by unboiled milk: 

a. The reduction of quinonoid dyes, e.g., methylene blue. 

b. The oxidation of aldehyde by molecular oxygen. 
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c. The aldehyde-mutase or Cannizzaro reaction by which two mole- 
cules of an aldehyde are converted into one molecule of an acid (oxidation) 
and one molecule of the corresponding alcohol (reduction). 

Furthermore by the careful studies of the kinetics of the change 
Wieland has shown with the greatest probability that the same catalyst, 
namely, a “‘dehydrase”’ is responsible for the acceleration of all three 
reactions. The evidence advanced by Wieland is so strong that there 
can hardly be any doubt that the oxidase, reductase, and aldehyde- 
mutase effects of milk are due to one and the same ferment, a “dehy- 
drase,”’ functioning in much the same fashion as the palladium catalyst 
used in the earlier experiments. 

It would therefore appear very probable that many other long- 
cherished oxidase and reductase reactions of living cells will have to be 
reviewed and that the effects which have hitherto been ascribed to 
them will be found to represent one or other phase of a series of con- 
current reactions primarily induced by a “dehydrase.’”’ The conse- 
quences of such a revision can hardly be estimated at the moment. but 
that it will upset many long-established preconceptions is certain. 

It is not surprising that Wieland’s views have evoked criticism from 
the upholders of the Bach-Engler theory of oxidation based on the 
activation of oxygen and from those who prefer to regard “‘reductase”’ 
effects as distinct from oxidation phenomena. The most important of 
these criticisms will be found in a carefully reasoned paper by Bach (3) 
published in 1913. Bredig’s paper (13), while mainly concerned with 
unimportant questions of priority may also be consulted with advantage. 
The reviewer is of the opinion that the acceptance of Wieland’s views 
does not necessitate the complete abandonment of the Bach-Engler 
theories of oxygen activation. Wieland is ready to admit that the oxi- 
dation of aldehydes and other unsaturated compounds in the absence 
of water takes place by direct union with molecular oxygen with forma- 
tion of peroxides. Furthermore it should be noted that when oxygen 
acts as an acceptor for hydrogen according to Wieland’s hypothesis, 
hydrogen peroxide and not water is the primary product. The far-reach- 
ing analogies between many types of tissue oxidation and those effected 
invitro by hydrogen peroxide may well be due in part to peroxides formed 
secondarily to dehydrogenation reactions. It is, for example, conceiv- 
able that the oxidation of a fatty acid such as butyric acid to a B-ketonic 
acid may take place through the agency of a peroxide type of oxidizing 
agent analogous to its oxidation in vitro with hydrogen peroxide, while 
the formation of the unsaturated acid may be due to dehydrogenation. 
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It will be noted that both the ketonic and unsaturated acids so fre- 
quently encountered as intermediary metabolites can function as 
hydrogen acceptors: 


+H; 
CH;° CO: CH,’ COOH -—— CH; CHOH: CH, COOH 
CH ° ° ° ° 
3° CH," CH,’ COOH : +H, 


‘ CH; CH = CH: COOH —— CH;: CH,’ CH.’ COOH 


‘Glutathione’ of Hopkins. Within the last few months announce- 
ment has been made of the isolation and identification of an autoxidiz- 
able substance which bids fair to be of altogether exceptional importance 
in relation to the oxidations and reductions occurring in living cells. 
The compound has been shown by Hopkins (33) to occur in most if 
not all actively living organisms, both animal and vegetable, and hence 
may lay claim to general significance. The substance which is ther- 
mostable and not hydrolyzed by proteoclastic ferments is made up by 
the union of glutamic acid and cystine (or cysteine). The combination 
of the two amino-acids occurs through the union of an amino group of 
one acid with a carboxyl group of the other with removal of water but 
three possibilities exist for glutamic acid-cystine combination of this 
type and the exact allocation of the position of union awaits final deter- 
mination and confirmation by synthesis. The reduced form of the 
substance, corresponding to cysteine, and the oxidized form, corre- 
sponding to cystine, may be represented as follows, G representing a 
glutamic acid nucleus attached either to the amino or carboxyl groups 
of the cystine: 


a CH;’ -~ §-—- ,-— CH, 

| | 
a Sod rege , ol pre clas 
cO....G CO....G CO....G 


It will be seen that the passage from the reduced-to the oxidized 
form involves the loss of a hydrogen atom and a doubling of the molec- 
ular weight, and vice versa, The change of the reduced to the oxidized 
form takes place under the influence of ordinary oxygen apparently 
with intermediate function of hydrogen peroxide which in turn gives 
water and inactive oxygen. On the other hand fresh tissues can reduce 
the oxidized di-sulphide form to the simple sulphydric compound. 
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R* CH,’ SH HS — CH,’ R 
+0, 


R°*CH,’S — S:CH,R+H,0, 
+H, 


R*CH;SH+SH:CH,R 


This pair of substances, readily interconvertible under conditions 
prevailing in the cell, possess precisely the properties which a co-ferment 
adapted to an oxidase system would be expected to possess and as such 
they occupy thus far a unique position. The reduced (SH) form present 
in almost all living cells can take up molecular oxygen while the oxidized 
(S-S) form so produced can act as a hydrogen acceptor and so catalyze 
oxidation reactions of the type described by Wieland to which reference 
has already been made. 

The following experiments of Hopkins afford convincing evidence that 
glutathione plays a real part in cell dynamics. Fresh tissues of course 
reduce methylene blue and so does the reduced glutathione, On the 
other hand fresh tissues reduce the oxidized glutathione and from this 
it would at first appear that the tissues had a greater reduction (lower 
oxidation) potential than that due to the SH group of glutathione. 
Hopkins has found, however, that as a matter of fact the relations 
depend upon the hydrogen ion concentration of the medium. If the 
oxidized glutathione and fresh tissue are added to a methylene blue 
solution which is even very slightly on the acid side of neutrality, e. g., 
pH — 6.8 —the reduction of the dye is greatly slowed. The glutathione 
under these conditions is simply acting as a hydrogen acceptor, com- 
peting with the methylene blue in this respect and delaying or preventing 
the reduction of the latter. If the reaction of the medium is changed 
to pH — 7.4 or slightly greater, the normal rate of reduction of methylene 
blue by tissues in the presence of oxidized glutathione is greatly 
accelerated. The results are explained on the assumption that in the 
acid medium the 8-S-group of the glutathione acts simply as a hydrogen 
acceptor and the reduced compound thus formed is too stable to transfer 
its hydrogen to another acceptor. In neutral or alkaline solution this 
transference does take place and the hydrogen is used in the reduction 
of methylene blue. The important fact follows from these observations 
that the two reactions concerned in the transference of hydrogen to 
the S-S group oxidized in glutathione under the influence of a tissue 
enzyme and its subsequent transference to the methylene blue, have a 
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greater velocity than the direct reduction of methylene blue by the 
tissues, The function of the glutathione is thus essentially catalytic 
and the substance must be regarded as a co-enzyme. ‘ 

The concentration of glutathione in the tissues is very low but as. © 
already stated its distribution is extremely wide. The blood proteins 
appear to contain vanishingly small amounts or possibly none and this 
observation agrees with the growing conviction that scarcely any oxi- 
dation of moment occurs in this medium. Yeast furnishes useful 
material for the preparation of glutathione though animal organs may 
serve equally well. The process of separation is laborious and difficult 
and depends largely on the skilful use of metallic salt precipitants 
including mercuric sulphate, which Hopkins has previously turned to 
good account. Fortunately a qualitative test already described by 
Morner and by Heffter for sulphydryl compounds has been found 
applicable which does not require previous separation of the glutathione. 
This reaction consists in the production of a purple or permanganate 
color when the tissue or substance to be tested is suspended in saturated 
ammonium sulphate solution and sodium nitroprusside followed by 
excess of ammonia is added. This color reaction is only given by the 
reduced glutathione and not by the disulphide form. With the use 
of this reaction it is possible to show the absence of glutathione in the 
fresh hen’s egg but a thirty-six hour chicken embryo gives a strong 
reaction while the surrounding material gives none. Preliminary 
experiments appear to show that tumor cells contain less glutathione 
than neighboring tissues. The further investigation of glutathione 
will be awaited with the greatest interest since there is good reason to 
believe that its study may reveal many additional important facts in 
connection with the respiratory changes in living tissues. 

Certain observations made by Meyerhof (41), (42) in 1918 on oxida- 
tion processes in dead yeast cells and yeast extracts acquire new interest 
in the light of Hopkins’ investigations. Meyerhof found that respira- 
tory changes practically ceased when acetone-yeast preparations were 
exhaustively washed with water, but that they could be revived by the . 
simple addition of the aqueous extract to the killed yeast. He further- ~ 
more showed that these washings gave qualitative reactions indicating 
the presence of a compound containing the SH group but did not succeed 
in further defining the substance. Meyerhof was also able to show 
that washed killed yeast in which respiratory changes were in abeyance 
could be stimulated to carry on oxidation reactions by the addition of 
thioglycollic or a-thiolactic acid, although a careftl analysis of the change 
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induced by these thio-acids showed that it was not identical in intensity 
with that evoked by the yeast washings containing sulphydryl com- 
pounds and moreover differed in some other respects. There can be 
little or no doubt that the activator to respiratory activity in killed 
washed yeast, present in the aqueous washings observed by Meyerhof, 
was none other than the Hopkins glutathione. 

Glutathione has undoubtedly connections with the ‘ philothion”’ 
of de Rey-Pailhade described many years ago. It will be recalled that 
this author found that certain proteins and many tissues had the 
property of liberating hydrogen sulphide when digested with finely 
divided sulphur. The reaction was originally regarded as a fermenta- 
tive reductase reaction. It is interesting to note that as early as 1904 
Heffter and Hausmann (30) expressed the view that the reaction had 
great similarity to the production of hydrogen sulphide from mercaptans 
or other sulphydryl compounds: 


2R.SH +S = HS+ RS —S.R 


That glutathione is the sulphydryl compound present in tissues and 
capable of bringing about the above reaction has been definitely proved. 
Heffter (31) had indeed already shown as early as 1907 that an aqueous 
extract of acetone yeast contained an unidentified compound containing 
a (SH) group as judged by positive nitroprusside reactions and that the 
extract could exert the reducing properties ascribed to “‘philothion.”’ 
The autoxidizable properties of sulphydryl compounds and their possible 
function in the cell as oxygen acceptors and as catalytic reducing agents 
was also emphasized by Heffter who regarded them as “‘ pseudodxidases’’ 
according to Engler’s scheme of classification. 

Thunberg (49) has recently made some highly suggestive studies on 
the oxidation or rather dehydrogenation of intermediary products of 
metabolism. He finds that when the finely chopped muscle of a freshly 
killed frog is thoroughly washed with water it loses its power to reduce 
methylene blue in the absence of oxygen. When however certain 
metabolites which do not themselves reduce the dye are added to the 
washed muscle the power to decolorize the methylene blue is restored 
wholly or in part. The change is represented by Thunberg as due to 
the action of specific enzymes which have the power to effect the 
removal of hydrogen from the metabolite and transfer it to the methy- 
lene blue which is then reduced. The ferments are given the generic 
name of ‘“‘hydrogentransportases.’”’ Under normal conditions the hydro- 
gen is supposed to be burned to water or used for the reduction of other 
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compounds. The specificity of the enzymes is rather unconvincingly 
inferred from their unequal resistance to thermal changes. Thunberg 
regards all food substances as essentially “hydrogen donators’ and 
hydrogen is regarded as the common fuel of tissue combustions. De- 
hydrogenation, the addition and removal of water and the splitting off 
of:carbon dioxide are regarded as the fundamental catabolic changes 
undergone by substances containing carbon, oxygen and hydrogen. 
The fact that many metabolites react with washed muscle tissue in 
the way described is certainly an interesting phenomenon; but whether, 
as Thunberg appears to suggest, all substances so reacting are thereby 
of necessity to be regarded as intermediary metabolites with specific 
“‘hydrogentransportases’”’ to act upon them, appears much more doubt- 
ful. Indeed an inspection of Thunberg’s results with analogously 
constituted substances only serves to increase the reviewer’s hesitation 
in accepting the method as a means of deciding whether a substance is 
an intermediary metabolite or not. But whatever the outcome may 
be it is clear that Thunberg has hit upon an interesting mode of experi- 
mentation which should lead to further results of value. 

Catalase. A word must be said with regard to catalase. The dis- 
tribution and mode of action of this ferment are such that so far as the 
writer can see there is not a trace of evidence available suggesting that 
catalase is directly concerned with oxidation. It will be recalled that 
catalase only liberates inactive molecular oxygen when decomposing 
hydrogen peroxide and so far it has not been shown to accelerate or 
participate in the oxidation of any known metabolite. Within recent 
years it has been shown repeatedly that great increase in oxidation 
such for example as that which follows the fertilization of the sea urchin’s 
eggs, is not accompanied by any comparable increase in catalase action 
(Amberg and Winternitz). Similar results have been obtained by 
Stehle and McCarty (48) and by Seymour (47) and others. Yet in 
spite of the failure to demonstrate the causal relation of catalase to 
any known oxidation a number of papers have been published within 
the last few years in which the implication is made that quantitative 
relations exist between the amount of catalse and the capacity of tissues 
to effect oxidations. Little regard is paid to factors such as variations 
in hydrogen ion concentration or changes in the porportion of erythro- 
cytes in the tissues examined by catalase, in spite of the fact that it 
appears that quantitative estimations of catalase are by no means 
easily carried out. Yet we are asked to believe that “catalase is the 
enzyme in the body principally responsible for oxidation” and that the 
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fundamental problems of tissue oxidation can be solved by noting 
variations in its concentration: In the judgment of the reviewer it 
appears reasonable to reject the inferences drawn from these studies 
until unequivocal evidence is produced that catalase actually partici- 
pates in the oxidation of known metabolic products and until the quanti- 
tative estimations of the catalase are made under more exactly controlled 
conditions. 

It will be recalled in connection with Wieland’s theory of oxidation 
by dehydrogenation, that activated hydrogen is removed by catalytic 
action from the substance underding oxidation. It should be noted 
that when oxygen acts as an acceptor for hydrogen, hydrogen peroxide 
and not water is the initial product even though the peroxide is at 
once further decomposed as in the explosion of hydrogen and oxygen 
gases: ( 


\ H, + O. = H,.0; 


2 H,0, = 2 H.O + O2 


It is therefore reasonable to suppose that hydrogen peroxide may be 

transitorily formed in tissue oxidations when molecular oxygen acts 
as acceptor for activated hydrogen. The old idea that catalase may 
serve to prevent excessive accumulation in the tissues of injurious 
peroxide by converting it into water and inactive molecular oxygen 
seems to have a good deal to recommend it. 
* In the remaining available space an attempt will be made to refer to 
some of the more important results gained from the study of the oxi- 
dative breakdown of individual metabolites. It will be impossible 
to do more than refer to some of the more notable contributions. 

Fatty acids. In spite of a good many vigorous onslaughts, the theory 
of B-oxidation applied to fatty acids as put forward originally by 
Knoop has held its own. It will be recalled that one of the main sup- 
ports of Knoop’s views was furnished by Embden’s observation that 
the normal fatty acids containing an even number of carbon atoms 
varying from four to twelve all gave rise to acetoacetic acid when their 
salts were perfused through a surviving liver. The normal fatty acids 
containing an uneven number of carbon atoms failed to cause any 
increase in acetoacetic acid production. An interesting clue to the 
probable fate of some of these normal fatty acids has been furnished 
by Ringer (44), who finds that propionic acid is practically quantita- 
tively converted into glucose in the phlorhidzinized dog and that normal 
valeric and heptylic acids give an amount of glucose under similar 
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conditions comparable to the amount of propionic acid they might 
yield through §-oxidation: CH;.CH:.CHg,CH,CH,CH:.COOH—CHs; 

Blum and Woringer (11) have recently shown that when propionic 
acid is given to normal dogs and rabbits, lactic and pyruvic acids are 
excreted, and these undoubtedly represent intermediary products of 
the oxidation of propionic acid, although it is not clear as to which of 
these two acids is first formed or whether perchance they are formed 
from acrylic acid, which Schwenken (46) has shown to be almost quanti- 
tatively converted into glucose in the phlorhidzinized dog. The con- 
version of propionic acid into lactic acid explains the conversion of the 
former acid into glucose in the phlorhidzinized animal for, as is well 
known, the conversion of lactic acid into glucose under these conditions 
is virtually quantitative. The formation of lactic and pyruvic acids 
from propionic acid must be regarded as a vase of a-oxidation though 
possibly indirect but since normal f-oxidation with formation of a 
ketonic acid is no longer possible with a three-carbon acid it need not 
be regarded as violating the 6-oxidation rule applicable to acids con- 
taining four or more carbon atoms. It appears therefore that in the 
metabolism of normal fatty acids containing four or more carbon atoms 
ecetoacetic acid is a common metabolite of all those with an even num- 
ber of carbon atoms while lactic acid is common to those with an uneven 
number. 

Curiously enough, in Embden’s original experiments on acetoacetic 
acid formation from fatty acids in the perfused liver he failed to carry 
out experiments with acetic and propionic acids. It has now been 
found by A. Loeb (39) and later by Friedmann (28) that acetic acid 
or rather acetates may give rise to a marked increase in acetoacetic 
acid production by.the perfused liver. Positive results are only obtained 
when the livers are relatively poor in glycogen. Much glycogen in 
the liver or simultaneous presence of salts of propionic or valeric acid 
inhibit the reaction entirely, according to Embden and Loeb (21). 
Whether the acetoacetic acid originates directly by the condensation 
of two acetic acid molecules as is generally supposed, cannot be regarded 
as settled and further investigation is needed. But the fact that in 
some way or other acetates can give rise to acetoacetic acid in the liver 
has led Friedmann to a characteristically vigorous attack on the B- 
oxidation theory. According to this view, successive $-oxidation of 
higher fatty acids with removal of two carbon atoms at a time must 
yield acetic acid at each step, hence if B-oxidation really occurred all 
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fatty acids should be potential sources of acetoacetic acid. This 
assumption seems entirely, gratuitous for the most careful analyses 
have failed to show, for example, that acetoacetic acid can undergo 
acid hydrolysis in the liver with formation of acetic acid. 


CH;.CO.CH2= .COOH+ H.0 = 2CH3.COOH 


Oxidation products possibly of the type of glyoxylic and formic acids 
are much more probable though still hypothetical products. On the 
whole the 8-oxidation theory still appears to account most satisfactorily 
for the known facts. 

A number of recent investigations carried out in German laboratories 
primarily for purely utilitarian ends on the production of fatty acids 
by the oxidation of the higher paraffin hydrocarbons have given results 
which should do much ta remove the instinctive objections of many 
organic chemists to the idea of 8-oxidation. It has been found by 
Kelber (37), Griin (29), Fischer and Schneider (25) and others that 
paraffin waxes, usually regarded as so resistant to oxidation, are readily 
oxidized by atmospheric oxygen at the relatively low temperature of 
130-170° even in the absence of catalysts. The oxidation is undoubtedly 
conditioned by the formation of substances of a peroxide nature and 
can be so vigorous that complete oxidation occurs with explosion. 
When the reaction is carefully regulated it is found that the higher 
fatty acids first formed are oxidized in such a way that two carbon 
atoms at a time are successively burned away with production of a 
whole series of fatty acids such as 


CigH3sO2, CizH 3402, CisH 3002, CisH26Or, ete., 


together with lower fatty acids, hydroxy acids and acetone and other 
ketones. The analogy between this series of reactions and biochemical 
8-oxidation is so striking as to require no emphasis. 

In connection with the study of fatty acid oxidation reference may 
be made to a good series of analyses by Kennaway (36) who shows that 
in cases of human ketosis, when the total daily excretion of acetoacetic 
and §-hydroxybutyric acids exceeds 2.5 grams, the ratio of the two 
acids is in the proportion of 2 to 5 molecules of the hydroxy acid to 
one of acetoacetic acid. That the relation of the two acids is capable 
of considerable variation as a result of changed conditions follows from 
experiments on rabbits by Blum and Nakano (10). They find that 
sodium hydroxybutyrate when injected gives rise to but little aceto- 
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actetic acid but if the liver functions be disturbed by chleroform 
anesthesia a great deal more is produced. Curiously enough they find 
the same effect if large quantities of glucose are administered with the 
hydroxybutyrate to normal animals, while addition of sodium chloride 
is without effect. In view of the well-established anti-ketogenic action 
of carbohydrates these results seem decidedly remarkable. 

The discovery by Einbeck (15), (16) of the presence of both fumaric 
and succinic acids in fresh muscle is of interest in connection with the 
so-called ‘“succinicoxydon” of Battelli and Stern. Einbeck has now 
made it clear that the oxidation of succinic acid by Battelli and Stern’s 
ferment is really a case of dehydrogenation in the sense of Wieland’s 
theory and that malic acid is secondarily formed from fumarie acid. 
It appears that a definite equilibrium which can be approached from 
either side exists between the fumaric and inactive malic acids. Ordi- 
narily the malic acid represents about 70 per cent of the mixture. 


COOH . CH, . CH, . COOH — COOH . CH = CH . COOH @ 
COOH . CHOH . CH: . COOH 


An interesting extension of Knoop’s theory of 8-oxidation has been 
made by Raper (45) so as to cover the oxidation of a number of fatty 
acids with branched chains, many of which have given results difficult 
of interpretation. The rule of 8-oxidation is applied to a-methylated 
acids with the provision that the carbon atom of the methyl group which 
is in the 8-position undergoes oxidation first. The derivative of malonic 
semi-aldehyde thus produced is believed to lose carbon dioxide, giving 
the normal aldehyde of the demethylated fatty acid, which in turn 
yields the normal fatty acid. The theory is supported by a number of 
interesting comparative observations on oxidations both in vivo and with 
hydrogen peroxide. The changes may be represented as follows, R 
representing. an alkyl group: 


CHz CHO 
R*CH:COOH — R:CH:COOH — R:CH, CHO — R:COOH 


a-Amino, hydroxy and ketonic acids. Recent work has served to 
strengthen the belief first put forward by Neubauer in 1909 that the 
a-ketonic acids represent an early stage in the oxidation of the amino- 
acids, while the reverse synthesis of amino from ketonic acids demon- 
strated by Knoop and by Embden hasbeen amply confirmed in a variety 
of cases but with the notable exception that no glycine has been obtained 
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from glyoxylic acid by biochemical means. It is rather surprising 
that so far the direct oxidation of a-amino to ketonic acids has not been 
accomplished in vitro in spite of a good deal of experimental work, and 
this is a gap that ought to be filled. Neither are we informed as to the 
mechanism by which the change is effected in the body. It is reason- 
ably certain that the simple equation: 


2R . CH . NH: . COOH + 0, = 2R . CO . COOH + 2NH; 


does not represent the whole course of events but whether unstable 
imino-acid hydrates are intermediate products as has been supposed 
still remains unsettled. It is rather disappointing that Wieland’s 
dehydrogenation theory of oxidation has not so far thrown much light 
on the oxidation of amino-acids, although its applicability to the 
interconversion of hydroxy and ketonic acids is clear enough. 

The early distribution of amino-acids absorbed from the intestine 
in the intact animal and their subsequent disappearance have been fol- 
lowed in the most satisfactory way by Van Slyke and Meyer (50). 
While it is clear that the liver has by no means the monopoly in urea 
production from amino-acids that was once believed, the positive 
results obtained by Jansen (35) and others are probably to be given 
greater weight than the more or less negative results of Fiske with 
Sumner (27) and Karsner (26). 

Considerable further use has been made in recent years of two.of the 
most valuable methods of studying the oxidative degration of amino 
hydroxy and ketonic acids—namely, their capacity to augment aceto- 
acetic acid production when perfused through an excised liver and their 
ability to furnish “extra glucose’’ when given to animals rendered 
diabetic with phlorhidzin. It has been found that a majority of the 
biochemically important amino acids furnish positive results with one 
or other of these methods. Evidence is accumulating that “extra 
glucose” in the phlorhidzinized animals usually originates from lactic 
acid so that either acetoacetic or lactic acid is probably a common 
metabolic path for most amino-acids. No single amino-acid has been 
satisfactorily shown to give positive results with both of these methods, 
although pyruvic acid among the ketonic acids appears to be an excep- 
tion. Certain amino-acids such as tryptophane and lysine give nega- 
tive results so that neither acetoacetic nor lactic acids appear to be 
intermediate oxidation products, and it is interesting to note that these 
are among the most essential amino-acids from the dietetic point of 
view. Probably those amino-acids which furnish acetoacetic or lactic 
acids are capable of ready synthesis in the animal body. 
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The simplest amino-acid, glycine, presents a number of difficulties 
both as regards its production and decomposition. There is no question 
as to the fact shown by Lusk that when given to a fully diabetic animal 
an amount of extra glucose is excreted closely corresponding to that 
theoretically possible if both carbon atoms were converted into glucose. 
From the purely chemical point of view it appears impossible to picture 
such a transformation, especially as neither glycollic, glyoxylic nor 
acetic acids show a similar behavior. At the present time the writer 
is inclined to believe that a direct conversion of the carbon of glycine 
in glucose does not take place but rather that it causes a disturbance 
in the normal equilibrium existing between the amino-acids or peptides 
in the body tissues with the result that other amino-acids, capable of 
furnishing glucose (e.g., alanine) are set free. The striking effect of 
glycine in stimulating heat production in the resting animal as recorded 
by Lusk and Riche (40) may be related to some such reaction. It is 
true that a similar reaction with amino-acids has not yet been observed, 
but on the other hand the well-known ability of an alcohol to replace 
another alcohol already united with an acid in the form of an ester, 
under the influence of catalysts, furnishes some kind of analogy. 

The failure of many workers to account for the established capacity 
of the body to furnish large amounts of newly formed glycine, on the 
basis of its synthesis from glyoxylic or glycollic acids, has led to a new 
theory as to its possible origin. Based on a fact already observed 
by the writer that phenylserine in the body gives hippuric acid and 
does not undergo complete oxidation like the related phenalanine, 


Knoop (38) suggests that glycine originates by the oxidation of a-amino 
8-hydroxy acids: 


R.CHOH . CH . NH; . COOH > CH; . NH. + COOH + R . COOH 


But the actual demonstration of glycine formation by this reaction 
is still lacking and the idea must be regarded rather as an attractive 
supposition than a demonstrated fact. It is clear however that 6-hy- 
droxy a-amino acids, e.g., serine and 6-hydroxyglutamic acids, are 
available for such purposes in the body. 

A great many experiments have been made in recent years to try to 
ident:fy creatine and creatinine as products of the oxidative catabolism 
of amino-acids and other compounds. The results on the whole are 
not very convincing, but the best experiments will be found in papers 
by Baumann and Hines (5) and by Riesser. The forrher author ex- 
amined the behavior of sarcosine, betaine, choline, methylguanidine 
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and cyanamide on perfusion through the liver and while in some cases 
an increase.in creatine was noted, they are not convinced as to the 
quantitative value of the results. 

Ackroyd and Hopkins (2) have made some extremely interesting 
feeding experiments in which the diet was deficient in either arginine or 
histidine or both. It was found that in a diet otherwise suitable, the 
complete absence of both bases was detrimental to growth and mainten- 
ance and that the allantoin excretion of the rats fell to an extremely 
small value. Allantoin, as Ackroyd has already shown, represents 
the main end-product of purine catabolism in the rat. Addition of 
either histidine or arginine to the diet caused marked improvement 
in the value of the diet and at once caused an increase in allantoin 
output. It is therefore to be assumed that the two bases have common 
metabolic paths and indeed they may be interconvertible and further- 
more that they are concerned with purine synthesis. An inspection 
of the appended formulae will show how readily comprehensible is the 
interconversion of histidine and arginine: 


CH—N CH.— NH 
| Sc ona 
C— NH CH, HN 
hee a 
sti he 
COOH Lia 
Histidine Arginine 


Embden and Blades (20) have made a surprising observation in 
regard to the oxidation of phenylalanine. It had been supposed that 
phenylalanine, like other amino-acids, would be first oxidized to phenyl- 
pyruvic acid. But it was found that while phenylalanine gives large 
amounts of acetoacetic acid on perfusion through the liver, phenyl- 
pyruvic acid not only gives none but actually inhibits normal aceto- 
acetic acid formation from other substances. On the other hand 
tyrosine and $-hydroxyphenylpyruvic acids readily give acetoacetic 
acid. The inference is drawn that phenylalanine in the course of 
normal oxidation is first converted into tyrosine by nuclear hydroxy- 
lation and is then subsequently oxidized to the ketonic acid: 
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OH OH 
— O —~ O — CH;°CO:CH, COOH 
re rw 


CHNH;, CHNH, CO 


COOH COOH COOH : 


: 


In support of this view Embden and Blades succeeded in isolating 
a small amount of a tyrosine derivative from the blood used for liver 
perfusion to which phenylalanine had been previously added. These re- 
sults appear to the writer as convincing so far as the perfused liver is 
concerned, but it would appear a little too sweeping to assume that all 
phenylalanine that undergoes oxidation in the body is first of all con- 
verted into tyrosine. Moreover phenylpyruvic acid is now known to 
occur in at least two tautomeric forms and only one of these has been 
tested as to its ability to furnish acetoacetic acid. The long debated 
question as to whether in normal metabolism tyrosine and phenylalanine 
are converted into homogentisic acid as is the case in alcaptonuria 
still remains incompletely settled. While it is certain that many deriva- 
tives of phenylalanine which cannot form homogentisic acid are com- 
pletely utilized in the body, this type of experiment only furnishes 
indirect evidence. Abderhalden has fed large quantities of tyrosine 
to normal men in some cases giving 50 grams of which 44 grams were 
absorbed. In one of these cases a minute amount of homogentisic 
acid was excreted in the urine. Abderhalden wisely refrains from 
drawing any definite conclusion from this experiment. On the whole 
the writer is still of the opinion that the balance of evidence is against 
the idea that all or most tyrosine and phenylalanine pass through the 
stage of homogentisic acid in the course of their oxidation in the animal 
body. 

Further progress has been made in regard to the mode of oxidation 
of tryptophane in the animal body, a puzzling problem which is prob- 
ably of much more than theoretical importance. Experiments on the 
fate of methyltryptophane in the body made by Barger and Ewins 
(4) and by Ellinger and Matsuoka (17) gave but little information 
since no kynurénic acid was formed and part of the substance was ex- 
creted unchanged. Ellinger and Matsuoka (18) have now succeeded 
in synthetizing indolepyruvic acid and show that this substance is 
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a true precursor of kynurenic acid. When fed to rabbits from 1.2 to 
11.7 per cent of the indolepyruvic acid is recoverable as kynurenic 
acid while tryptophane under similar conditions gives 7 to 28 per cent. 
It seems highly probable that indolepyruvic acid is the first product 
of the oxidation of tryptophane and its further conversion into kyn- 
urenic acid may take place according to the following scheme of 
Ellinger and Matsuoka. 


a ~— CH. CHNH; COOH -—C: CH CO COOH 
| | es 
CH —_ 
” 
NH 


NH 
(Tryptophane) (Indolepyruvie acid) 


CO - CH, CO» COOH CO 
CH, 


- + 


: =—)> 
CO*COOH 
NH: COOH NH, 


(Amino-benzoylpyruvie acid) 


“0g 


$6 CH, \cu 
ke ‘COOH F od COOH 


sie acid) 


The identification of aminobenzoylpyruvic acid as an intermediate 
product and the demonstration of its conversion into kynurenic acid 
in the body still remains to be accomplished. It is of course possible 
but hardly probable that the kynurenic acid formed from indolepyruvic 
acid is derived from tryptophane arising synthetically from the ketonic 
acid. The extreme importance of tryptophane for the maintenance 
and growth of animals makes the study of its oxidative catabolism in the 
body a subject of great significance. 

In the preceding pages reference has been made to many amino- 
acids and the corresponding ketonic acids. The latter are undoubtedly 
most important oxidation products of the amino-acids. With the single 
and most important exception of lactic acid, the hydroxy acids corre- 
sponding to the amino-acids appear to be of much less importance than 
was formerly imagined. The hydroxy acids, other than lactic acid, 
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are usually less readily oxidized than the amino or ketonic acids, and 
not infrequently seem to follow different metabolic paths. The direct 
conversion of amino into hydroxy acids in the course of animal metabol- 
ism is probably a much more rare occurrence than was previously 
supposed. While the importance of most a-hydroxy acids has been 
waning, the significance of lactic acid metabolism seems to increase. 
The mutual interconversion of lactic acid, glucose and glycogen seems 
to play a part in the metabolism of most tissues. On the other hand 
the formation in the body of pyruvic acid from lactic acid and the dem- 
onstration by Embden and Oppenheimer (19) that pyruvic acid may 
give acetoacetic acid as well as alanjne in the liver, places lactic acid 
in quite an exceptional position, having direct metabolic relations with 
characteristic products of fat, carbohydrate and protein metabolism. 
The formation of acetoacetic acid from pyruvic acid is believed to occur 
with intermediate formation of acetaldehyde. The following diagram 
illustrates the relationships of lactic acid: 


Lactic acid 


NN 
1 i,” 
|| ta 
Il fe 
\ 
d.l. Alanine © Pyruvic acid glucose and glycogen 


Acetoacetic acid <—- Acetaldehyde © Ethyl alcohol 


Acetic Acid 


Carbohydrates. A vast amount of work has been done in recent 
years in an endeavor to unravel the details of carbohydrate metabolism, 
but modern work has shown that quantitatively the direct oxidation 
of carbohydrates such as glucose is of very minor importance. The 
main path of normal glucose metabolism undoubtedly lies by way of 
lactic acid and the conversion of carbohydrates into lactic acid does 
not involve oxidation but intramolecular rearrangements. The de- 
tails of this change have been the subject of much investigation and it 
would appear that either glyceric aldehyde or methylglyoxal or more 
probably optically active hydrates of the latter substance are inter- 
mediate stages. But a discussion of this subject is outside of the 
range of the present article. Apart from the formation of glucuronic 
acid from glucose by oxidation and conceivably the formation of 
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pentoses from hexoses, no intermediate oxidation products of the car- 
bohydrates are known to occur in animal metabolism. Biberfeld 
(9) has shown that glucuronic acid, when given parenterally, subcutane- 
ously to animals is excreted practically quantitatively so that there is 
no question that the substance does not represent a first oxidation stage 
in the catabolism of more than a trifling fraction of the glucose in the 
body. Possibly for the sake of completeness reference should be made 
to work by Parnas and Baer in which as the result of experiments on 
glucose production in phlorhidzinized rabbits and glycogen synthesis 
in the turtle liver from simple organic compounds, they devise a scheme 
for representing glucose catabolism leading successively to lactic acid, 
B-aldehydo-a-hydroxypropionic acid and glycollic aldehyde. The main 
recommendation of this somewhat bizarre representation seems to be 
that all the reactions are exothermic but this seems by no means as im- 
portant as was formerly believed. It does not appear that this repre- 
sentation of sugar catabolism need be given very serious consideration 
until much more positive evidence is produced in its favor. 

On the other hand Embden, Griesbach and Laquer (22) have shown 
most definitely that phosphorus compounds play a most important 
role in the primary degradation of glucose. It is found that most animal 
tissues can form lactic and phosphoric acids when digested with hexose- 
phosphoric acid, while under similar conditions but little lactic acid 
is formed direct from glucose. The actual precursor of lactic acid in 
muscle appears to be a hexosephosphoric acid in combination with some 
other molecular complex, the whole receiving the name of ‘‘lactacido- 
gen.”’ A close similarity thus exists between the early stages of alco- 
holic fermentation and the first steps in glucose catabolism in the animal 
body. Apparently the co-ferment of zymase described by Harden and 
Young has a close relation to the lactacidogen of Embden. Meyerhof 
has recently compared the action of zymase co-ferment with products 
obtained from the tissues of the frog and rabbit and apparently their 
effects are identical. Furthermore, he identifies the respiratory cat- 
alyst which accelerates the oxidation processes of muscle with the 
co-ferment of yeast. It appears as if the union of glucose with a 
complex phosphorus compound was a necessary preliminary to 
the biochemical resolution of the hexose into compounds containing 
three carbon atoms. In this connection it is of interest to note that 
Beysel and Walther Léb (8) and later Weitzman have shown that 
phosphates specifically catalyze the oxidation of glucose with hydrogen 
peroxide. Glycine and borates have no similar action and this effect 
is not secondary to changes in the hydrogen ion concentration. 
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Finally a brief reference may be made to a paper by Hewitt and 
Pryde (32) which, although it does not deal with the direct oxidative 
decomposition of glucose, contains results which may well prove to be 
of the greatest importance for carbohydrate metabolism preceding 
oxidation In the first place it may be recalled that the conventional 
formula for glucose containing an aldehyde group (1) which has so 
long served a useful purpose can no longer be retained and that no 
solid glucose is known corresponding to the structure it represents, 
even though traces of it may be present in solution. Ordinary glucose 
represents a mixture of two interconvertible forms either of which may 
be obtained pure and free from the other and both of which contain 
the butylene oxide ring. They are represented by formulae II and III. 
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But recent research by Fischer and especially by Irvine ,Fyffe and 
Hogg (34) have shown that derivatives corresponding to glucoses 
shown in formulae IV and V could be obtained, and there is now no 
question that glucose itself can exist in two ethylene-oxide modifica- 
tions. They are commonly referred to together as y-glucose. The 
most interesting fact concerning these new forms of glucose is the ex- 
traordinary speed and range of reactions which they take part in and 
also the fact that they are oxidized by permanganate much more readily 
than the ordinary forms of glucose. Hewitt and Prydé have now pre- 
sented evidence showing that when ordinary glucose is brought in 
contact with the mucosa of the living intestine stereochemical changes 
take place with a rapid production of a certain proportion of the highly 
reactive ethylene oxide or y-forms of glucose. These changes were 
not produced if the normal activity of the gut was impaired either py 
killing the animal or otherwise interrupting the blood supply. It 
appears to the reviewer that studies of the kind commenced by Hewitt 
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and Pryde are likely to furnish most valuable detailed knowledge of 
the molecular transpositions occurring in the glucose molecule prior 
to its conversion into lactic acid. 

Purine compounds. Recent research has not added a great deal to 
the fairly complete picture of purine oxidation which was available ten 
years ago, but a few points of interest may be mentioned. Now that 
the rat is used so extensively for experimental purposes, it is noteworthy 
that Ackroyd (1914) has found that this animal shows a vigorous purine 
metabolism with allantoin as almost the exclusive end-product of oxida- 
tion. On giving hypoxanthine to rats, 60 per cent of the nitrogen was 
recovered as allantoin while only 3 per cent represented the combined 
purine and uric acid nitrogen. The fact that in the rat almost all the 
purines are converted into allantoin enabled Ackroyd and Hopkins 
(2) to make most important observations on the relation of histidine 
and arginine to the purine synthesis and their conversion into allantoin. 
The results have already been referred to in the section dealing with 
amino-acids. 

Benedict (7) has shown that the Dalmatian coach hound, unlike 
other dogs, excretes relatively large amounts of uric acid and this curious 
phenomenon has been confirmed by Wells (53). The latter finds 
that this result is not to be explained on the basis of the absence of 
uricase in the Dalmatian dog as this enzyme is present in the liver 
though absent in the kidney. Neither the liver nor the spleen were 
found capable of oxidizing xanthine to uric acid. The purine oxidizing 
enzymes of the chimpanzee and orang-utan have been examined by 
Wells and Caldwell (52) who find that uricase is absent as in man. 
Xanthine-oxidase was possibly present in the chimpanzee but absent in 
the other species. 

A curious observation has been made by E. Michaelis (43) who 
finds that the puncture of the floor of the fourth ventricle made ac- 
cording to Claude Bernard not only gives rise to the well-known glycos- 
uria but to a transitory high excretion of allantoin. The suggestion 
is made that there is a definite purine as well as glucosuric center con- 
trolling hepatic function and that destruction of it by piqtre is followed 
by high uric acid and allantoin production and excretion. 

The oxidation of uric acid to allantoin is well known to take place 
with varying completeness in most animals and the same reaction 
was demonstrated to occur readily outside the body by Liebig and 
Wohler more than ninety years ago. But the change is by no means 
a simple one and a good deal of speculation has taken place as to the 
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mechanism of the process. Behrend has devoted a good deal of at- 
tention to the question and was at first inclined to regard a uric acid 
glycol obtained by Biltz as the missing intermediate product. But 
this has now to be abandoned and Behrend and Zieger (6) produce 
a good deal of evidence showing that the reaction in vitro probably 
takes place as follows: 


NH—CO NH; COOH NH, 


CO—C—NH — CO HO—C—NH — CO CO—NH 
eo Sco Seo 


Kea Bie bree al tg 


NH—C—NH NH — C—NH NH—CH—NH 


Whether the oxidation of uric acid to allantoin by the enzyme uri- 
case follows the same course, as seems probable, remains to be deter- 
mined. 
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ON THE MECHANISM OF ABSORPTION FROM THE 
INTESTINE 


SAMUEL GOLDSCHMIDT 


From the Physiological Laboratory, Cornell University Medical College, 
New York City 


In the historical (1), (2) development of the conceptions of the 
mechanism of absorption from the intestinal tract, as well as absorp- 
tion in other parts of the organism, it is of interest to note that the 
controversy has from the start centered around physical or physico- 
chemical theories as a basic cause. As the principles of physical chem- 
istry were developed, the new points of view were brought to bear upon 
this ever elusive physiological phenomenon. When one considers the 
subject intensively one gains more and more the impression that the final 
analysis must lie in these realms; that it awaits only the development 
of the fundamental subject of physical chemistry and the persistent 
application of its principles to biological sciences. 

There will ever be, from the very complex nature of the process, points 
which will seem fundamentally unexplainable, or which one may assign 
to “vital” forces bound up with the living cell protoplasm. However, 
the latter course hardly seems justifiable. Call them what we will, 
“vital” processes must never be relegated to a Pandora’s box where 
hope is securely confined. As new physical or chemical principles are 
evolved, there can be no danger, and perhaps profit will acrue from 
examining, from time to time, these “vital” activities in the newer 
light. 

In considering the intestinal wall as a membrane, subject to the prin- 
ciples and laws of such structures as we know them in physical chemis- 
try (3), it is important not to overlook the fact that the functioning of 
this membrane is intimately associated with a complicated anatomical 
structure within the intestinal walls. The maintenance of the pro- 
toplasmic membrane in its normal state is, without doubt, essential 
to the absorptive processes as a whole. On the other hand, the inner 
structure is of prime importance in a consideration of the variations in 
the behavior of this membrane from those of purely isolated physico- 
chemical systems. By this statement is meant not a peculiar structural 
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arrangement of relatively permeable and impermeable phases of the 
cell itself, as suggested by Robertson (4), but in a broader sense every 
integral portion of the intestinal tissue. 

Apart from the possibility of alterations on or within the surface 
layer or membrane of the intestine, therefore, equally important are the 
arrangement and the distribution of the absorbing vessels, and the quan- 
titative and qualitative character of the fluid contained therein. As 
an illustration Heidenhain (5) points out that the absorption of fluid 
and dissolved substances, by the blood capillaries, for the most part, 
may be easily explained anatomically. The capillaries lie at the periph- 
ery of the villi, close beneath the epithelium; in fact, a slight short- 
ening of a villus brings the vessels so close together that they almost 
touch. These facts are purely anatomical, but they may have a decided 
influence upon the path and even the mechanism of uptake of the ab- 
sorbed products of digestion. For, as Heidenhain states, because of the 
higher osmotic concentration of the blood, which in spite of the large 
amount of fluid which passes into it is not greatly diluted, due to the 
great speed of the change of that fluid in the capillaries, the fluid and in 
great measure the dissolved substances, coming first in contact with 
this system, are carried away by it. The lymph stream, on the other 
hand, in addition to its less favorable position, is of a lower concentra- 
tion and is as well a much more slowly moving stream. 

To carry the illustration still further, Reid (6), (7), (8), (9) states 
that although there is no evidence of specific absorptive nerve fibers, 
nevertheless excitation of the mesenteric nerve by production of con- 
comitant vasoconstriction or, indeed, any decrease in the blood supply 
to the intestine, i.e., blood-letting, may affect the absorptive process. 
It is also found that drugs which cause a general vasoconstriction, as 
adrenalin (10), or a more or less localized constriction affecting the 
intestinal vessels, i.e., pituitrin (11), decrease absorption. Hyperemia, 
on the other hand, may facilitate the process (12), (13). 

Of importance also is the possible effect of various mechanical pres- 
sure forces which may exert themselves upon the intestinal structure, 
either from a mechanism inherent in the tissue itself or from without. 
Hamburger (14), (15), (16), in recent times, has emphasized the part 
played by intra-intestinal pressure in its absorptive action. The 
question, however, is an old one. Lieberkiihn (1745) (17) discussed 
the action of peristalsis as an aid to absorption by the villi. 

In the above connection it may be well to point out a property pos- 
sessed by the villi, which may be of possible assistance to intestinal 
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absorption. Briicke (18) observed that the villi contained smooth 
muscle fibers in their long axis, the function of which is to cause by 
their contraction a shortening of the villi! The anatomical presence 
of these muscle fibers, and the demonstration of movements of the 
villi have found ample confirmation, although with slight modifica- 
tions as to the character and distribution of the musculature and the 
form of the villus movement (5), (20), (21). 

Both Lieberkiihn and Briicke believed that they had observed open- 
ings into the villi? Lieberkiihn formulated the hypothesis that peri- 
staltic movement presses fluid and solids into the openings of the villi 
whence they are taken up by the blood vessels. According to Briicke’s 
conception, the villi act like suction pumps in their movement, thus 
causing fluids and particles not too large to pass into the openings to 
the central lymph duct. The action is a sort of filtration through a 
filter whose pores are wide enough so that undissolved bodies, i.e., 
small fat globules, can pass through into the lymph (22). The validity 
of the presence of openings into the villi has been questioned (1, p. 432), 
and it is generally believed today that particles do not normally pass 
through the intestinal wall. However, it must be pointed out that 
many investigators have claimed to have demonstrated that small 
insoluble bodies may pass by the intestinal route (23), (24), (25), (26). 

That the movement of the villi exerts a réle in absorption is still held 
by some experimenters (21), (29), and it would seem that tentatively, 
at least, it must be considered as a possible modifying influence. Cohn- 
heim (27) holds that Briicke’s theory cannot stand as a general state- 
ment of the intestinal mechanism, for the reason that in a Holothu- 
rian, which does not possess villi, absorption can occur when the 
intestine filled with sea-water is suspended in the same medium. 
Reid (8) has also shown that absorption takes place when the mesen- 
teric lymph vessels are bound off, which is apparently contrary to the 
belief of Briicke that the path of uptake is into the central lymph space 
of the villus. Héber (28), however, has defended Briicke against 
Reid’s attack by pointing out that, although the Holothurian lacks 
villi, it does possess an intestinal smooth muscle mechanism which can 
exert intra-intestinal pressure. In addition, the villi may still be the 
portal of entry, although the lymph vessels are tied off, if one assumes, 


1 Lacauchie (1853) (19) observed the movement of the villi but did not describe 
the muscle fibers. 


2 For a full discussion the reader is referred to Longet (1). 
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as did Friedenthal (29), that the substances, after entering the central 
lymph space, may then pass by diffusion into the blood stream. 

If, therefore, one considers what has been said above, it is obvious 
that the insistence upon a normal functioning of the whole structure in 
its many parts, insofar as they can cause, modify or aid the absorptive 
process, is no more of an admission of its “vital” character than that 
any physical structure should break down as a whole due to a failure of 
one of its parts. In other words, we must consider these unique struc- 
tures as integral parts of the mechanism. The influence of every possi- 
ble factor concerned must be examined in order to evolve a satisfactory 
explanation of the intestinal mechanism of absorption. Hence it is 
not at all surprising that when an investigator has focused his attention 
upon one factor only, that single point of view has failed to explain the 
phenomenon. To be sure, the determination of the effect of each part 
may be best made by exclusion of that part or of all other interfering 
influences, but in the problem at hand this method presents difficulties. 
These remarks are especially pertinent when, as in the question under 
discussion, we have to make comparisons with a plysico-chemical 
process in which exact imitation of conditions is not possible. 

A detailed historical discussion of the entire subject at hand cannot 
be presented within the limits of this review. Nevertheless, an attempt 
will be made at least to refer to each explanation (founded on experimen- 
tal evidence) and theory that has been advanced, of which the following 
is a compilation: 

1. Absorption through orifices in the blood vessels, especially the 
veins, in the intestinal wall (Hippocrates and Galen (30)). 

2. Imbibition, of the nature of water absorption by a sponge (31). 

3. Passage through small openings into the central lymph spaces of 
the villi, aided by intestinal peristalsis or by the contraction and expan- 
sion of the villi (17), (22), (1, p. 464). 

4. Osmosis and diffusion (1, inferred from (32), (33), (34)). 

5. A mechanism similar to that of secreting glands; an inverted gland- 
ular process (35). 

6. Ingestion by wandering leucocytes or lymphocytes* (36), (37), 
(38). A mechanical uptake of substances (26). 

7. Physiological activity of the epithelial cells of the intestine (39), 
(56), or this factor combined with osmosis and diffusion (43). 

8. Physiological activity of the epithelial cells combined with a power 
of the capillary wall to inhibit the passage of diffusible, dissolved sub- 


* For further literature on this subject see Heidenhain (5). 
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stances from the blood into the gut. The first factor is entirely free of 
osmotic influences, while the latter may be affected by this force (47), 
(48), (49), (50). 

9. A purely physical process, involving intra-intestinal pressure, 
molecular imbibition, capillary imbibition, and a power of the blood to 
“suck” fluid out of the tissues (14). 

10. A motor process of the epithelial intestinal cells (40), (41). Fil- 
tration by the force of intra-intestinal pressure (42). 

11. Dependent upon the solubility of the dissolved substances in 
lipoids for their passage into the cells, if insoluble in lipoids the path 
is by the intercellular route (67), (68), (69), (70), (29), (88), (89). 

12. Absorbed in accordance with the power of dissolved substances 
to lower surface tension. This property is also involved in the inhibi- 
tion of the passage of blood constituents into the gut. Chemical and 
physical forces may modify this process (83), (84). 

13. Determined by the mechanical affinity of the colloid of the intes- 
tinal wall for the fluid and dissolved substances, and the swelling cr 
shrinking of the colloid caused thereby. Swelling promotes the absorp- 
tive process, while shrinking inhibits it (77), (78), (79), (80). 

14. Negative osmosis (91), (92), (93). Cataphoretic electrical fluid 
current, dependent upon unequal permeability of the intestinal wall for 
ions, or polarization of the membrane (97), (98), (101). 

15. Substances, absorbed by osmosis, are changed within the intestinal 
wall to non-diffusible products which can exert a further osmotic attrac- 


tion upon the absorption of other constituents in the intestine (98),. 
(102). 


THEORIES OF THE MECHANISM OF INTESTINAL ABSORPTION FOUNDED 
UPON EXPERIMENTAL INVESTIGATIONS 


The intensive application. of experimental methods to the study 
of intestinal absorption began with the work of Heidenhain (43) and 
his pupils, Leubuscher (44), Gumilewski (45) and Réhman (46). For 
a number of years previous to the work of these investigators the prevail- 
ing idea had been that the theories of endosmosis, first definitely stated 
by Dutrochet in 1826, adequately explained the process. Experimental 
evidence for this view is not to be found. It appears quite probable 
that the early acceptance of the theory that osmosis is responsible for 
the action of saline cathartics, strengthened the general impression that 
it is also involved in the absorptive mechanism. As early as 1844 
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Poiseuille (32) and also Liebig (1848) (33) stated, on the basis of exper- 
iments in vitro, that the explanation of the action of cathartic salts is 
to be found in their osmotic behavior. 

In 1869 Voit and Bauer (42) obtained results which led them to con- 
clude that osmosis is not the cause of intestinal absorption. They 
inclined to the view that filtration brought about by intra-intestinal 
pressure is the responsible agent. The experimental investigations 
were concerned with the absorption of protein solutions, serum and 
salts. The deductions were based partly upon the entirely erroneous 
premise that the passage of the solutions through the intestinal wall 
should, if osmosis is an active factor, simulate the diffusion of the same 
solutions through membranes. The fact that animal membranes may 
vary in their permeability was, at this time, not known. 

Hoppe-Seyler (1881) (39) was the first to maintain definitely that 
intestinal absorption is a function of the living epithelial cells. The evi- 
dence was purely deductive and was, for the most part, based upon the 
action of the gut in cholera and when poisoned by certain toxic sub- 
stances. In these instances there is a failure of the normal absorptive 
function, hence Hoppe-Seyler believes that the “vital” activity of the 
intestinal cells has been damaged. This type of evidence has been 
adduced by later investigators, hence it may be well to question its value. 
Is it not conceivable that delicate colloidal membranes, “vital” or non- 
living, could be equally affected or, at any rate, show markedly altered 
permeability due to such radical changes in their environment? 

Heidenhain (43), from his own excellent studies and those of the work- 
ers in his laboratory (44), (45), (46), was led partially to the same con- 
clusion as that expressed by Hoppe-Seyler. Heidenhain concedes that 
a certain portion of the fluid and dissolved substance is absorbed from 
the intestine by osmosis. Another portion does not obey these laws, 
but is absorbed by the physiological activity of the living epithelial 
cells. Heidenhain (43) explains his position by stating that when he 
speaks of the “activity of the living cell’”’ he means thereby only that 
the cell can exert an influence upon its physical or chemical processes. 
This investigator insists that he stands absolutely upon the grounds of 
a purely physical conception of the mechanism. 

The experimental findings which led Heidenhain to decide that ab- 
sorption is partially a function of the living cells of the intestine were as 
follows: First, because serum of the same and even greater concentra- 
tion than the blood of the experimental animal, when introduced into 
the gut, is always concentrated, never diluted, as is evidenced by the 
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content of total solids. Proteins make up the main portion of the unab- 
sorbed residue. Therefore, there is a direct relation between the absorp- 
tion of salts and water and the factor causing the concentration, for 
the A of the remaining fluid does not rise. Second, since there is an 
uptake of fluid from a sodium chloride solution of greater osmotic 
pressure (measured by the depression of the freezing point, A) than 
the blood. At a concentration of 2 per cent there is finally reached 
a point where the osmotic power overcomes the physiological absorptive 
activity of the epithelial cells and, as a result, fluid passes into the gut 
from the blood. Third, for the reason that chlorides pass out of a 
solution of 0.3 per cent sodium chloride in the intestine; in other words, 
there is a passage of solute from a lower toward a higher osmotic pres- 
sure, which was contrary to the accepted laws of the behavior of such 
solutions. 

These results enabled Heidenhain to formulate a conception of the 
intestinal mechanism which combined both the cellular and the osmotic 
activity. That is, from a sodium chloride solution of higher osmotic 
pressure than that of the blood the salt is absorbed by osmosis; on the 
other hand, the water is taken up by a physiological cell activity. 
Likewise, from concentrations of sodium chloride with a A below the 
level of that of the blood, water is absorbed by osmosis and the salt by 
the active cellular force. 

The effect of small amounts of sodium fluoride, added to the solutions 
placed into the intestine, seemed to offer a proof of the above statements. 
When this salt is added to high concentrations of sodium chloride 
(1.05 to 1.5 per cent), which have a A above blood level, there is a 
decreased water absorption, and only to a slighter extent a decreased 
uptake of chlorides. On the contrary, sodium fluoride affects the ab- 
sorption of fluid from sodium chloride solutions (0.3 to 0.4 per cent) 
of lower A than that of the blood less than it does the passage of chlo- 
rides. The sodium fluoride, then, a cell poison, inhibits the physiolog- 
ical activity to a greater extent than it does the physica! force which is 
associated with the process. 

Cohnheim (47), (48), (49), (50) designed a series of experiments to 
test whether or not soluble blood constituents can pass into the intesti- 
nal contents, with a view of obtaining a measure of the extent to which . 
this occurrence plays a part in adjusting the osmotic equilibrium between 
the intestinal fluid and the blood. These investigations led Cohnheim 
to the decision that, under normal conditions, appreciable amounts of 
diffusible blood constituents do not pass into the intestine. The absorp- 
tion process is, then, a purely one-way mechanism. 
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Intestinal absorption, according to Cohnheim, involves two factors: 
first, an impermeability to body fluids and dissolved substances; second, 
an ability of the enteric wall to take up the contents from its lumen. 
The first process is due to the activity of the capillary endothelium, and 
it is through the intermediation of this structure that osmotic equilib- 
rium between intestinal solutions and the blood is attained without 
the passage of blood constituents into the gut solutions. The last state- 
ment might be interpreted as inferring that osmotic forces are active 
through the capillary endothelium, although this is not definitely asserted. 
The second portion of the absorptive phenomenon is a function of the 
intestinal epithelial cells; it is absolutely free of physical influences. 
This hypothesis, therefore, differs from that of Heidenhain in that it 
-does not admit that the cellular activity of the epithelium may be 
affected by the osmotic pressure of the intestinal solutions. 

The experimental basis for the above conclusions will be outlined briefly. 
Working with dogs with Vella fistulas of the small intestine, Cohnheim 
(47) states that solutions of glucose of all concentrations come into osmo- 
tic equilibrium with the blood. This equilibrium, according to the au- | 
thor, is accomplished by the absorption of water or glucose, not by the 
passage of sodium chloride or other diffusible constituents, from the 
blood into the gut. It is asserted that the amount of sodium chloride 
which passes into glucose solutions is small, regardless of whether the 
solutions are isotonic, hypertonic or hypotonic. When, on the other 
hand, sodium fluoride (also potassium arsenate) which Heidenhain 
believed damaged the. cell activity of the epithelium is added to a 
glucose solution in the intestine, Cohnheim (48) observes that the sodium 
chloride which diffuses into the glucose solution is increased above the 
amount normally found, under similar conditions, in the absence of the 
fluoride. There is an increased diffusion between the intestine and 
the blood vessel contents. In addition, while usually both hypertonic 
and hypotonic solutions come into an osmotic equilibrium with the 
blood, in the experiments in which sodium fluoride is added, the concen- 
tration of glucose sinks below the isotonic level. Hence, the normal 
specific ability of the intestinal wall, to allow a passage in but one direc- 
tion, is lost when poisoned with sodium fluoride. Cohnheim believes 
that the fluoride has a predilection for the capillary endothelium, 
although it may also injure the epithelium. Therefore the findings are 
consistent with the theory that normally the capillary walls possess 
the power to inhibit the passage of fluid and dissolved substances from 
the blood. 
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The one-way absorptive mechanism finds confirmation, also, in experi- 
ments in which Cohnheim (49) studied the behavior of sugar solutions 
in the isolated intestine of cats, rabbits and dogs. Under these condi- 
tions the investigator states that he can demonstrate a transport of 
fluid from the intestinal lumen into the outer surrounding fluid. This 
conclusion is drawn on the basis of measurements of the gut contents 
and the weight of the intestine before and after the experiment. As the 
latter does not show an increase, and since there is a deficit of fluid 
within the lumen, it is held that there must have been an actual 
transport. 

The absorption stream is, moreover, always in the direction of the 
outer fluid regardless of the concentration and chemical character of the 
solutions employed. In short, Cohnheim decides ihat in this isolated 
system the fluid stream is not dependent upon the anatomical arrange- 
ment of the véssels in the intestinal wall, the mechanical pressure of the 
musculature, of differences of osmotic pressure, or of solution tension on 
the two sides of the epithelium, but solely upon the integrity of 
the intestinal wall which possesses the function of carrying fluid in but 
one direction. , 

Rhorer (51) has repeated Cohnheim’s experiments on the isolated 
intestine, using a similar technic, and states that it was not possible in 
his work to demonstrate a fluid transport. 

Waymouth-Reid (6), (7), (8), (9), (52), (53), (54), (55), (56), on the 
same general grounds as Heidenhain and Cohnheim, decides that the 
intestinal process is due to the physiological activity of the intestinal 
cells. Reid states, however, that by the use of the expression “cell 
action” he does not imply that the forms of energy utilized in the cell 
mechanism are other than those known in the physical world. This 
investigator believes that whatever effect physical forces may exert, 
whether they be osmotic or in the nature of “chemical excitation,” 
their relation is to the cell and not to the blood. If the writer inter- 
prets Reid’s (56) statements correctly, his theory of the intestinal 
mechanism assigns the absorptive power exclusively to cellular activity 
to a much greater degree than did Heidenhain, who conceded that a 
certain portion of the process is osmotic. Reid stands, perhaps, in closer 
harmony with Cohnheim, who denies that the intestinal cells are unde 
any physical influences, but does convey a suspicion that the blood ves- 


sels of the intestines, which are concerned in holding back blood salts, 
may be amenable to osmotic effects. 
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The evidence on which Reid’s conclusions are based may be stated 
briefly. There is an absorption of serum from the intestine of an animal 
under conditions in which filtration, osmosis’ and adsorption are ex- 
cluded (8). Voit and Bauer (42) and Heidenhain (43) had previously noted 
that serum may be absorbed from the intestine of experimental animals. 
Furthermore, injury to, or removal of, the intestinal epithelium stops 
this absorptive process (7) in spite of the fact, according to this author, 
that such procedures should favor the action of the purely physical 
forces of filtration, osmosis and adsorption. Indeed, this experimenter 
finds that any condition depressing the activity of the cells tends to 
reduce the absorptive action. Previous to Cohnheim and in agreement 
with him, Reid (52) demonstrated, by means of a diffusion apparatus, 
using an isolated surviving piece of intestine as a membrane, that trans- 
port takes place from the mucosa to the fluid in contact with the muscu- 
lar coat on the opposite side. In this arrangement, in which osmotic 
pressure influences may be excluded, simply by placing fluids of the same 
composition on the two sides of the membrane, it is argued that, since 
transport occurs, the active force must be a “vital” process inherent in 
the epithelial cells. Reid (55) repeated Cohnheim’s experiments, using 
an isolated intestinal loop, and obtained results confirming the finding 
of that investigator, namely, that in such a system there is a fluid trans- 
port in one direction only. The reverse process of passage into the intes- 
tinal lumen is stated to be the result of cellular injury only, in which case 
the cells lose their “orienting action.”’ That the osmotic pressure of the 
blood is not involved in the mechanism of intestinal absorption, Reid 
(56) believes to have demonstrated by increasing the salt content of the 
circulating fluid by intravenous injection of sodium chloride and deter- 
mining its effect upon the uptake of glucose solutions in the gut lumen. 
Such experiments showed that the degree of water passage from the 
intestinal fluid is never increased under conditions of increased osmotic 
attraction of the blood, although in most instances there is a diminished 
_ glucose absorption. In addition, no extra chlorides, above the normal 
amount, are found in the gut content in these experiments. Hence it is 
concluded that the uptake of water from a solution in the gut, with unin- 
jured epithelium, is not a simple function of osmotic pressure of the 
sodium chloride of the blood. Since this is the chief blood salt, Reid 
concludes that it is not probable that any other blood constituent 
possesses the property of influencing fluid absorption from the intestine. 

The work of the three authors detailed above constitutes the chief 
basis for the theory that the “physiological activity” of the intestinal 
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cells is responsible for absorption in that organ. Let us now examine 
the evidence pointing to a physical explanation of the mechanism. 

Hamburger (14), (15), (16), (57), (58), (59), (60) does not accept the 
theory that the process is due to “vital” cell activity, but from his 
experiments he is led to postulate a purely mechanical explanation of 
the intestinal absorptive mechanism. This investigator does not deny 
that physiological or pathological changes can affect the physical forces 
involved, but he maintains that they do not cease to be purely mechani- 
eal (14). 

The scheme of absorption from the gut, according to Hamburger 
(14), (15), (16), is as follows: The epithelial cells take up fluid and dis- 
solved substances by molecular imbibition. This solution makes its 
way by capillary imbibition through the connective tissue mucosa and 
is carried away, in small part, by the lymph. The greater portion 
passes by molecular imbibition into the cement substance of the capil- 
lary endothelium or is taken up by the cell itself to go by capillary imbi- 
bition into the blood vessels, whence it passes into the blood stream. 
A tissue has a limited power to imbibe, hence this process would come 
to an end if the fluid were not taken away rapidly. . 

Therefore, for transporting fluid out into the capillaries there are, 
besides imbibition, two other factors. First, there is a power which 
“sucks” or “sweeps” fluid out of the tissue spaces into the capillary 
blood stream; this action increases with the speed of the blood flow. 
Second, intra-intestinal pressure is of importance in the process. In 
the living animal this pressure may be increased by breathing, by peri- ° 
stalsis and by the weight of the intestines. 

Hamburger (14), (15), (16) established the influence of intra-intesti- 
nal pressure upon absorption of isotonic sodium chloride solutions 
in the gut by a series of experiments in which hydrostatic pressure is 
altered, but the intestine is prevented from expanding by a mechanical 
device, thus ruling out the factor of an increased exposed surface as 
the responsible factor in the results obtained. A second method con- 
sisted of varying the intra-intestinal force by an alteration of the intra- 
abdominal pressure and then examining its effect upon the absorption of 
isotonic sodium chloride solutions. By such experimental methods 
Hamburger finds that increased intra-intestinal pressure facilitates 
absorption, as does also a greater intra-abdominal pressure under favor- 
able conditions. When intra-intestinal pressure is reduced to zero or 
to a slightly negative value the result is a complete arrest of absorption. 
A positive intestinal pressure of 0.5 em. still allows of a slow uptake. 
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Hence, Hamburger believes that the intra-intestinal pressure which will 
allow of absorption is lower than that in the intestinal capillaries, how 
much lower it may be depends upon the force of the process of imbibi- 
tion and the “sucking” action of the blood. In his mechanical theory 
Hamburger also includes the ‘“‘suction” and pressure action of the villi, 
as well as forces of osmosis and filtration (16, p. 191). 

Leubuscher (61) had previously performed experiments to test the 
effect of increased hydrostatic pressure upon intestinal uptake. He 
found that absorption increased with increasing pressure up to a certain 
optimum point (80 to 140 mm. Hg). The increase is ascribed, in these 
experiments, to a simple unfolding and expansion of the surface ofthe 
gut. The decrease which follows this optimum point is due, according 
to Leubuscher, to the effect of the increased pressure upon the blood 
flow. 

Whether or not filtration is active in the transfer of fluid and dissolved 
substances through the intestinal wall resolves itself, obviously, into a 
question of whether the intra-intestinal pressure is greater than that on 
the opposite side of the filter, which is, ultimately, the capillary blood 
pressure. Reid (8), (9),(55) and also Starling (62), (63) maintain that 
filtration is not to be considered, since the capillary blood pressure is 
higher than the intra-intestinal. The former investigator and also 
Cohnheim (49) have observed that absorption may occur under condi- 
tions in which mechanical pressure influences are excluded. Hambur- 
ger (14), (16) states that absorption may take place when the intestinal 
is below the capillary pressure, but believes that at this point the contrib- 
utory forces of imbibition, ‘‘suction of the blood stream,” villus move- 
ment and osmosis are also at work. The controversy is not settled but, 
aside from the normal existence of conditions apparently unfavorable 
for filtration, Hamburger’s findings must be tentatively accepted as 
indicating that variations in intra-intestinal pressure can affect absorption. 

Hamburger (59), (60) studied the power of isolated intestinal epi- 
thelia to imbibe and to swell when subjected to salt solutions of different 
concentration. In these experiments support is found for his imbibition 
theory, for the volume of intestinal cells, and at times even the dimen- 
sions of the nucleus may be altered. This seemed to warrant the deduc- 
tion that the body of an isolated cell is very permeable to sodium chlo- 
ride, while the nucleus possesses little or no permeability for the salt. 
It is also demonstrated that the permeability may vary, depending upon 
the salt and the “state of the cell.” 
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The remainder of the evidence upon which Hamburger bases his 
theory deals with the behavior of salt solutions toward structureless, 
homogeneous membranes (agar, gelatine and collodion), isolated tissues 
used as membranes, and also the diffusion phenomena in the intestines 
of dead dogs. In the experiments employing dead, isolated intestinal 
and other tissue as a diffusion membrane, Hamburger (58) believes to 
have demonstrated perfectly the “one-way diffusion” of the intact 
intestine. Hence this demonstration, states the author, is not in agree- 
ment with Cohnheim’s idea that the intestine possesses a “vital” 
factor simply because of its property of passing a fluid stream in one 
direction. On the whole, the experimenter concludes that the difference 
between ‘“‘dead” and “living” membranes is merely quantitative. 
Artificial membranes were constructed with which Hamburger (57), 
(58) was able to duplicate all the phenomena exhibited .in the intestinal 
absorption of sodium chloride solutions and even of serum. All of these 
factors, then, led him to the conviction that enteric absorption is brought 
about by a purely physical or mechanical process. 

Hober (64), (65), (66), (67), (68), (69), (70) performed experiments 
designed to compare the rates of diffusion of a series of salts with their 
speed of absorption in the intestine. The results of tM investigations 
led him to conclude that physical forces are involved in the mechanism, 
even though they do not fully explain the process, and though the speed 
of absorption is not strictly comparable to the membrane behavior of 
the solutes tested. Further studies convinced him that salts are absorbed 
into the intestinal cells only if they are lipoid soluble, in agreement with 
Overton’s idea that lipoid solubility determines cell permeability. On 
this basis Héber points out that the intestinal epithelium behaves toward 
dissolved substances like other cells, that their plasma membrane acts 
like other protoplasm, and does not require a special power of uptake, 
as was usually supposed. The dissolved substances which have a 
parallel rate of intestinal absorption and speed of diffusion are lipoid 
insoluble and pass between the cells. Other materials, which have a 
greater speed of absorption than of diffusion, are lipoid soluble and pass 
through the cells. This theory, the author states, is not inconsistent 
or conflicting with any osmotic explanation of the process. 

In order to explain how this mechanism affects the absorption of salts 
and other bodies, it is set forth that all inorganic salts and sugars with 
six or more carbon atoms, in general all lipoid insoluble substances, 
pass between the cells. Iron is the one discovered exception in regard 
to this rule for, although it is not soluble in lipoids, it passes into the 
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cells. Lipoid soluble materials, as urea, glycerine and ethyl alcohol, 
are taken into the cells through their surfaces. 

The relation of speed of absorption in the intestine to lipoid solubility 
is borne out in the work of Héber’s student, Katzenellenbogen (71). 
Heidenhain (5) had previously decided that the intercellular cement 
substance of the villus epithelium is open for at least part of the absorbed 
materials. 

Wallace and Cushny (72), (73) independently and at about the same 
time as Héber (64), published experiments in which they compared the 
rates of absorption of a large number of equi-molecular sali solutions 
with that of a 1 per cent solution of sodium chloride. Theirresults, 
however, do not agree with those of Héber in showing a parallelism be- 
tween the rates of absorption and of diffusion. They find that readily 
dissociated salts, whose ions possess a great speed, are not always ab- 
sorbed faster than less dissociated salts with weaker ionic speed. 
Wallace and Cushny (73) affirm that these facts do not necessarily indi- 
cate that the intestinal cells operate only by a ‘‘vital” activity, but 
it is more likely that the absorptive process is due to a chemical relation 
of colloid to salts, of such a nature that the cell may take up one salt 
easily and rejec® another. 

The observations of Héber (64) and Wallace and Cushny, that vari- 
ous salt solutions of the same osmotic pressure have a different speed 
of absorption, due to an unequal rate of passage of their ions, are of 
great importance. They showed clearly that the intestinal wall does 
not possess an equal permeability to all dissolved substances. Further 
one cannot expect to get a strict comparison of rate of diffusion through 
membranes and intestinal absorption. We are dealing, then, with a 
membrane of varying permeability, depending upon the nature of the 
salt presented to it. A lack of appreciation of this fact led many workers 
to erroneous conclusions before this time. 

Goldschmidt and Dayton (74) performed experiments, using colonic 
loops of dogs, which led them to the conviction that osmotic processes 
are active in the mechanism of intestinal absorption. Toward solu- 
tions of sodium chloride the colon acts essentially like a permeable mem- 
brane. On the other hand, solutions of sodium and magnesium sul- 
phate behave in the colon as though they were separated by a semiper- 
meable membrane. It is also demonstrated that the absorptive process 
is related to the salt content and osmotic concentration of the blood. 
In addition, the osmotic pressure exerted by the gut contents, which 
in turn is dependent upon the permeability of the intestinal membrane 
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for the solute, are factors in inhibiting the passage of blood constituents 
into the gut contents. The osmotic pressure and the permeability of 
the enteric wall for the solutes in contact with it alsodeterminethe speed | 
of passage into the blood of other dissolved substances simultaneously 
present in the gut without evidence of injury to the intestinal mechan- ~ 
ism. Goldschmidt and Binger (75) showed that the permeability of the 
intestinal wall may be altered, that is, increased or diminished, without 
demonstrable evidence of physiological injury. In other words, the 
intestinal membrane may exhibit a changing permeability, dependent 
upon the chemical character and the concentration, within physiologi- 
cal limits, of salts in contact with it. This conception also includes 
the possibility of one solute affecting the passage of another either by 
altering its state in solution or in a manner which is dependent upon 
their relative power to pass through the membrane. 


DIFFUSION THROUGH THE INTESTINE OF DEAD DOGS 


Whether the non-living intestinal wall behaves similarly to that of 
the living animal has been a subject of much controversy in deciding 
whether or not the mechanism of enteric absorption involves the integ- 
rity of the living cell. Hamburger (14), (15) found that absorption of 
sodium chloride solutions and of horse serum proceeds in the intestine 
of dogs, dead from 1 to 24 hours, in the same order as from living animals. 
This supports the investigator’s theory that the process is purely physi- 
cal. It will be remembered that Hamburger (57), (58) has also claimed 
to have duplicated the process of intestinal absorption, in some of its 
apparently non-physical details, with structureless homogeneous mem- 
branes. 

Cohnheim (47), (50) criticises Hamburger’s experiments on dead 
animals on the grounds that, since the blood:is stagnant in the vessels, 
there is so little fluid on the blood side that qualitatively the same results 
would be obtained as in the living animal. The agreement, therefore, he 
states is only apparent. To imitate more closely the normal process 
Cohnheim perfused the abdominal vessels by inserting a cannula into 
the inferior vena cava after the death of the animal. Nevertheless, 
with this procedure, an animal taken directly after death behaves toward 
solutions in the intestine like the intact animal. The conclusion is 
drawn that the epithelium is not dead, therefore the experimenter 
destroyed it with heat (hot water at 80 to 90°C.). After this treatment 
it is found that sodium chloride of the vascular perfusion fluid passes 
into a glucose solution in the gut in accordance with a purely diffusion 








436 SAMUEL GOLDSCHMIDT 


process. If the vessels are not perfused Cohnheim confirms the results 
obtained by Hamburger; that is, a behavior similartothat in the living 
animal. Cohnheim further states that in an animal dead for some time 
(5 hours) there is very little absorption with or without destroying the 
cells by heat. 3 

Hoéber (66) attacks the experiments of Cohnheim, quite justly, by 
questioning whether treating the epithelium with heat leaves an intes- 
tine which differs from that of the living animal only in the lack of living 
active epithelial cells. The former performed experiments in which 
he determines that, when the intestine of a dead dog is treated with 
heat according to Cohnheim’s method, it does not act toward solutions 
in the same manner as the untreated intestine of similar dogs, even in 
the absence of perfusion. He argues that if the intestine of a dog which 
has been dead for 24 hours does not behave like a physical membrane, 
then it ought not to do so even though its vessels are perfused. The 
discrepancy is explained as due io pressure differences. Cohnheim 
attempted to maintain the perfused sodium chloride’ under normal 
pressure, but Héber points out that the normal opposing pressure is 
absent, namely, that due to contraction of the intestinal, diaphragmatic 
and abdominal musculature. The latter further states that there is 
only a quantitative difference between the absorption from the intestine 
of a dead and a livingdog. This, he asserts, is due not only to a failure 
of the pressure factors mentioned above, but also to the absence of the 
“sucking” action of the blood stream. Further, the only discrepancy 
between diffusion and absorption is that diffusion through membranes 
behaves the same in either direction, while absorption carries dissolved 
substances in a special direction. 

Goldschmidt and Dayton (74) carried out a few experiments upon the 
changes of volume and composition of distilled water and of sodium 
chloride solutions in the colon of dead animals. The fluid absorption 
is practically nil, as is also the exchange of dissolved substances. 


PHYSICO-CHEMICAL FACTORS POSSIBLY INVOLVED IN THE ABSORPTIVE 
MECHANISM, FOR THE MOST PART BASED UPON 
THEORETICAL CONSIDERATIONS 


In addition to the theories of the absorptive mechanism of tlie intes- 
tine, based upon experimental evidence, there are many in the literature 
in which from analogy physico-chemical principles are applied as 
explanations of the phenomenon. In this class may be included the 
process of imbibition, first applied to absorption through the blood 
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vessels by Magendie (68) and later (31) suggested by him as possibly 
associated with intestinal absorption. Magendie thought of the villi 
as ‘‘soft sponges” which imbibed fluids. 

The modern investigations on this subject are due principally to the 
researches of Hofmeister (77) which deal with the uptake by colloids 
of solvents and solutes from a long list of salt solutions, together with the 
capacity of the latter to produce swelling or shrinking of the colloids. 
These data led to the formulation of the ‘Hofmeister series.” Hof- 
meister has suggested that this phenomenon of mechanical affinity 
for water and solute, with the attending change in volume of the col- 
loidal substance, may play a réle in the body and especially in intestinal 
absorption. If such be the case, he continues, one need not assume that 
the process is of a “‘vital” nature. It has previously been pointed out 
in this paper that Hamburger believed that molecular and capillary 
imbibition were an essential part of his physical theory. 

Pauli (78), although he points out that the cells represent a more 
complicated system, believes that he can reconcile Hofmeister’s results 
on the swelling of gelatine with Heidenhain’s findings on intestinal 
absorption. 

Fischer (79) advances the prediction that the laws governing colloidal 
imbibition will do more to give an insight into the phenomenon of absorp- 
tion than the laws of osmotic pressure and diffusion have done. 

Bechhold (80) asserts that the belief that osmotic forces were involved 
has been a hindrance to progress in this field of investigation, and that 
only a recognition of swelling and shrinking of colloids as dominant 
factors can furnish a satisfactory explanation of the mechanism. He 
further states that salts which, as a rule, promote uptake of water in the 
intestine, also favor the swelling of fibrin and gelatine. Bechhold 
expands upon the subject, stating that electrolytes which cause shrink- 
ing may impede not only their own absorption, but that of other salts, 
while substances rapidly diffusible and favoring swelling act contrariwise. 
The cathartic salts, according to Hofmeister’s classificavion, belong to 
the group of electrolytes which hinder swelling, hence if the above state- 
ment is true they should impede the diffusion of other salts. Results 
quite out of harmony with this hypothesis were obtained by Gold- 
schmidt and Dayton (74) who found that sodium sulphate, instead of 
hindering, markedly speeds the diffusion rate of sodium chloride in the 
colon. 

Mayerhofer and Pribram (81) present experiments to show that the 
permeability of isolated sections of the intestines of rabbits and guinea- 
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pigs is partially a function of their water content. The more water the 
intestine contains, the more permeable it is for water solutions. By 
imbibition or desiccation a membrane can be made artificially more or 
less permeable. They believe, moreover, that by water withdrawal 
a condition akin to that characteristic of acute and chronic intestinal 
diseases may be produced. Quagliariello (82) reports that he was unable 
to distinguish any difference in the power of isolated intestinal tissue 
of dogs to take up sodium chloride and sodium sulphate. 

The réle of capillarity and surface tension in intestinal absorption 
is not a new problem, but it has received further attention in recent 
times. Traube (83), (84), on purely theoretical grounds, believes that 
surface tension plays an important part in the mechanism. He has 
found that of all the substances which Overton studied plasmolytically, 
the greater the speed with which it passes into the cell, the greater is its 
power to lower surface tension. It is this investigator’s idea that sur- 
face tension is the driving force or cause of osmosis. To the combined 
factors he gives the name “ Haftdruck” or “adhesion pressure.” The 
more the surface tension of a solvent is increased or diminished by a 
dissolved substance, the greater or less is the ‘adhesion pressure” of 
the solute. Therefore, the osmosis of a solute is more rapid the smaller 
its “adhesion pressure.” Intestinal absorption, according to Traube, 
may be influenced by this factor in the following manner. The uptake 
of fats, for instance, is aided by the power of bile to lower sur- 
face tension. Also, the question why sugars go directly into 
the blood, while fat is absorbed by the lymph stream, is associated 
with surface phenomena. However, these influences are subject to 
alteration by other factors. That is, even though the lvmph has a 
lower surface tension than the blood, the nature of the pressure in the 
capillaries may carry substances in that direction. Further, chemical 
activity and above all the composition of the membrane may modify 
the mechanism. If, for instance, the membrane contains fatty parti- 
cles, then the surface tension of fluids passing through it decreases and 
thereby modifies the speed of passage greatly. If a membrane on one 
side contains lipoids and on the other not, it can happen that the surface 
pressure may be altered by the lipoid content, and the direction of the 
diffusion stream is altered or even reversed. In other words, the 
‘adhesion pressure” on opposite sides of a membrane is an all-impor- 
tant factor in determining the direction of the fluid passage; hence the 
writer postulates a cause of the failure of blood constituents to pass 
into the intestine. Furthermore, he states, one need not wonder that 
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serum or plasma may be absorbed, as was found by Voit and Bauer, 
Heidenhain, and Reid, for the amount of lipoid on the mucosa surface 
of the gut makes its surface tension less than on the opposite side. This 
theory, Traube states, does not include the solubility of substances in 
lipoids in the sense of Overton, but only the influence which undis- 
solved lipoid may exert upon surface tension. 

Térék (85) and Buglia (86) put the theories of Traube to an experi- 
mental test, adding to solutions (sodium chloride or peptone) subjected 
to intestinal absorption substances (bile, bile salts, gum arabic, etc.) 
which lower surface tension. The results, they say, are not in agreement 
with Traube’s views. In no case’ was an increased absorption demon- 
strated. It has long been known that bile is essential for the absorp- 
tion of the products of fat digestion, and it is of interest to note that 
as early as 1852 Bidder and Schmidt (87) suggest that this action is 
associated with the effect of bile upon capillarity. 

It may be well to review briefly the theory of Friedenthal (29), (88), 
(89) which meets with the approval of Munk (90). Friedenthal, after 
a full consideration of the subject, decides that the processes of osmosis 
and filtration suffice qualitatively to explain the absorption from the 
intestine of soluble constituents. For water-insoluble substances, 
however, he maintains that there is a type of affinity of the material 
for the cell protoplasm, depending upon its solubility in the components 
of the cell structure. This conception, on the whole, is very similar to 
that of Overton and of Héber. Friedenthal emphasizes the point that 
water and protoplasmic solubility are totally different. This then 
would explain how water-insoluble substances such as fats, soaps, etc., 
may be absorbed 

It is evident that absorption from the intestine may take place against 
an osmotic pressure gradient. Otherwise stated, there is a passage of a 
' fluid stream from a place of higher to one of lower osmotic pressure, 
a negative osmosis. Furthermore, isotonic solutions of diffusible salts 
may be absorbed. Both of these facts have in the past been difficult 
to explain, but they have now found their counterpart in purely physico- 
chemical systems. Dutrochet (1826) recognized that negative osmosis 
may occur under certain conditions. He found that acids offer a mode 
of action opposed to that of alkalis, namely, with an alkaline solution 
the current of endosmosis directed itself from water toward the solution, 
while with acid the current flowed toward the water. 

Lazarus-Barlow (91), (92) has demonstrated in membrane experi- 
ments ‘that the initial rates of osmosis of glucose, sodium chloride and 
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urea in equimolecular solutions are not the same as exist between their 
final osmotic pressures or freezing point differences. The nature of the 
membrane, and even the effect of albumen in solution, may alter the 
initial rate of osmosis. As an illustration, with a peritoneal membrane 
osmosis can occur between isotonic solutions, or there may be an osmotic 
flow from a solution having a higher toward a solution having a lower 
final osmotic pressure. Barlow (92) calculates that, from the initial 
rates of osmosis, a physiological saline is really of a concentration of 
1.6 per cent. Therefore, according to his observations, if osmosis is an 
occurrence in the organism, one would expect to get a passage from 
hypertonic solutions of diffusible salts. Moore, Roaf and Webster 
(93) also arrive at the conclusion that substances in physiological 
systems will always pass against an osmotic pressure gradient, not be- 
cause of the membrane impermeability, but for the reason that the 
cell colloids possess an affinity for crystalloids. 

Negative osmosis or, in fact, an osmotic stream in any direction, may 
be related to a presence of electric potential in that direction, or elec- 
tro-osmosis. Engelmann (94) and others have shown that the secretorv 
activity of glands is accompanied by electromotor phenomena, whil 
Rosenthal (95) discovered an ingoing electrical current in the stomach 
mucosa of frogs and rabbits. Reid (9), (96) considered and tested the 
occurrence of electrical potential changes during absorption through 
frog’s skin and rejects the idea that it has any relation to the process, 
for he finds that both secreting and absorbing membranes have an elec- 
trical stream in the same direction. ‘In addition, Reid was unable 
to increase the rapidity of fluid transfer from the outer to the inner 
surfaces of frog’s skin by connecting a conductor on the two sides 
and arranging the current so that theamount flowing in the skin against 
the direction of absorption was reduced. This worker further main- 
tains that in order that the electrical stream be effective, there must be 
a greater “porosity” in one direction. 

Héber (97) and Oker-Blom (98) believe that an absorbing membrane 
is the seat of electro-motor activity, which may be an effective mechan- 
ism in the absorptive process. The electrical current has its source in 
any difference of potential on the two sides of the colloidal membrane. 
Such a state can be established by an unequal diffusion of electroposi- 
tive or negative ions. If, for instance, a membrane is permeable te 
positive ions of an electrolyte and relatively impermeable for the nega- 
tive ions, then there will exist a great degree of electrical potential 
difference between the two sides. This condition results in acataphoretic 
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electrical diffusion stream in the direction of the current flow. It is 
thus apparent how even the direction of a diffusion flow may be altered 
by these influences. 

Hober (97) takes up Reid’s objections to electro-osmosis as a factor 
in absorption and believes that they can be satisfactorily met by the 
conceptions just outlined. 

Girard (99), (100), (101) has applied his ideas of electro-osmosis 
to the absorptive process in the intestine (101). It is his belief that, in 
the case of electrolytes at least, osmosis is essentially electrostatic, 
and the presence of hydrogen or hydroxyl ions may alter the process. 
He states thac in order to explain the results obtained by Heidenhain 
and others, it is only necessary to assume that there is in contact with 
the membrane a liquid with ions active from the point of view of electri- 
fication of contact (as conceived by Perrin). These ions are adsorbed by 
the membrane and change its sign. If, now, the liquid on the opposite 
side of the membrane possess the reverse charge, there is a difference 
of potential sufficient to polarize the membrane, resulting in a force 
determining the passage and direction of the osmotic stream. We have 
in these researches, tentative explanations of the negative osmosis and 
absorption of isotonic solutions from the intestinal tract. 

Oker-Blom (98), (102), after a critical survey of the subject, accepts 
Osmosis as a qualitative explanation of the mechanism of intestinal 
absorption. In addition, he formulates a hypothesis in which the 
substances absorbed—in some instances by conversion into non- 
diffusible products—can exert their osmotic attraction upon the absorp- 
tion of other constituents in the intestine. Thus, a solution of appar- 
ently higher osmotic pressure than the blood may be absorbed. Star- 
ling (103) strongly favors the view that the cells of the intestine actively 
intervene in the process of absorption. However, he states that the 
osmotic pressure of the non-diffusible colloids of the blood may exert 


an osmotic attraction sufficient to account for the uptake of isotonic 
solutions from the gut. 


CRITIQUE OF THE FOREGOING INVESTIGATIONS 


The experimental work bearing upon the subject at hand has been 
presented above and the hypotheses arising therefrom are set down. 
The reader of this résumé, therefore, has before him a basis for formu- 
lating his own judgment of the relative merits of these different views. 
However, it is not outside the task of a reviewer to take upon himself 
this function. Hence an attempt will be made to present a short, 
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critical analysis of the subject of the mechanism of intestinal absorption 
based upon a full consideration of the experimental work and suggested 
theories. 

In this presentation it is assumed that absorption from the entire 
length of the intestinal tract involves a similar mechanism. A review 
of the investigations designed to test, or incidentally bearing upon, the 
absorption of fluids and dissolved substances at various points of the 
small intestine and the colon, justifies the conclusion that the differ- 
ences are quantitative rather than qualitative (104 to 114, inc.). 

At the start it may be pointed out that a few facts have found con- 
firmation by many observers, namely: 

1. Water and certain dissolved substances, in the intestine, are 
absorbed from hypertonic solutions—as indicated by the A. Under 
such conditions the solute is absorbed in concentrated solution. The 
more closely the A of the intestinal contents approaches that of the 
blood, the'greater is the concentration of the absorbed solute, while 
the fluid passage rapidly decreases. 

2. Solutions of a sufficient degree of hypertonicity draw fluid into the 
gut. 

3. Both solvent and solute pass from hypotonic solutions. 

a. Below about 0.6 per cent concentration of sodium chloride in 
the intestine the salt is absorbed in very dilute solution; water passes 
more quickly than the solute. 

b. At a concentration of sodium chloride of approximately 0.6 per 
cent, or at a point in close agreement with the blood content of this salt, 
the solvent and the solute are absorbed at the same rate. Therefore 
the strength of the intestinal fluid suffers little change. 

4. Salt solutions, capable of exerting an osmotic pressure, but which 
are not, or to but a slight extent absorbed (i.e., sodium or magnesium 
sulphate), come into osmotic equilibrium with the blood, regardless 
of their initial concentration. The non-diffusible salt makes up the 
total osmotic pressure of the intestinal solution. 

a. It is stated repeatedly in the literature that, similarly, glucose 
solutions of all concentrations come into osmotic equilibrium with the 
blood. The writer believes that this statement must be made with 
reservation, since the evidence that glucose alone exerts the osmotic 
pressure in the gut under such conditions, is not entirely consistent. 

5. Blood constituents pass into the intestinal contents in but small 
amount under ordinary conditions. 
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There are other observations touching upon this question of the intes- 
tinal absorptive mechanism, which are either in dispute or their réle 
is undetermined. These may be stated in the form of interrogations, 
as follows: 

1. Does the blood in its composition, distribution, or by the physical 
forces which it exerts as a fluid stream, have an influence upon the 
absorptive process? Is the mechanism purely local? 

2. Is the intestinal wall a strictly irreciprocal membrane; that is, 
do dissolved materials pass in but one direction? 

a. Is the fluid which passes into hypertonic solutions of the saline 
cathartics, or other salts, a secretion, a true osmotic fluid flow, or the 
result of an injury to the intestinal epithelium? 

b. Are the blood constituents found in the intestinal test solutions, 
secretions of the cells? Can the osmotic concentration of the gut 
fluids exert an influence upon the passage of these substances, or 
may they also be the result of an injury to the intestinal mucosa? 

3. Is intra-intestinal pressure a factor in the absorptive process? 

4. Does the intestinal wall present the properties of other colloidal 
protoplasmic membranes? 

a. May its permeability be altered, aside from the production of 
an injury to the cells? 

5. Do the solubility relations between the intestinal wall and the 
substance in contact with it play a réle in absorption? 

6. Are the factors of imbibition, surface tension and electro-osmosis 
active agents in the intestinal mechanism? 

7. Is the process purely physical or entirely a function of the living 
intestinal epithelial cells, or a combination of both? 

The first question has already been partially discussed in the intro- 
duction above, and evidence presented which indicates that altera- 
tions in the amount of blood flowing through the intestinal vessels, 
in a unit of time, can affect the rate of absorption in the normal organ- 
ism. It is of interest in this connection that Marriott (115) has found 
that in certain types of marasmus, the so-called athrepsia, there is a 
diminished blood volume with a concomitant decrease in volume flow 
(116) of the circulating fluid. These conditions are suggested as a 
causative agent in the impairment of the absorptive function of the 
gastro-intestinal tract in this disease. 

Although Reid (6), (7), (8), (9) admits the facts just stated, he (56) 
and (less emphatically) Cohnheim (48), (49), do not concede that the 
osmotic pressure of the blood may influence the absorptive process. 
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Reid bases this conviction upon his failure to get an increased fluid 
absorption from glucose solutions in the gut, when the sodium chloride 
concentration of the blood is raised by infusion. On the other hand, 
he observed in these experiments that there is a decreased sugar absorp- 
tion. These results, so far as they go, have been confirmed by Gold- 
schmidt and Dayton (74). D’Errico (117) has also reported that in 
whatever fashion the molecular concentration of the blood is altered, 
that is, increased or diminished, tap water introduced directly into the 
intestine is immediately absorbed, and in either case there is a lowering 
of the molecular concentration and electrical conductivity of the 
blood serum. Starling (103), (62) states the proposition thus: “But 
in every case absorption by the alimentary surface is a question 
of the local conditions rather than of the needs of the organism as a 
whole.” In explanation he proceeds to say that only in extreme cases 
of hydraemic plethora can the process of intestinal absorption be influ- 
enced, never in the normal animal. This is undoubtedly true, if it is 
meant thereby that in a normal organism all the products of digestion 
are absorbed as they are presented to the intestinal mucosa. The 
need of the body for a particular product is probably not a determining 
factor. We know, also, that the intestine does not discriminate in 
passing into the blood substances which may or cannot be assimilated 
by the body (118). 

These limitations granted, it must be pointed out that there is 
evidence that the molecular composition of the blood must exert some 
influence upon absorption from the gut, both in the normal and abnor- 
mal state. First, as has been indicated above, it has been repeatedly 
shown that certain solutions in the intestine, whether hypertonic or 
hypotonic, come into osmotic equilibrium with the blood. It may be 
tentatively stated that this is a law of intestinal absorption. Further- 
more, sodium chloride solutions, in isolated loops, adjust themselves 
in a partial pressure equilibrium with the chlorides of the blood (74). 
Goldschmidt and Dayton (74) have shown that increase of blood chlo- 
rides, either spontaneously or by infusion, affects this equilibrium level. 
It cannot alter our case to say that the intestinal cell is the intermedi- 
ary factor, for the fact remains that the blood is the ultimate cause. 
It would seem, then, that the milieu of the organism is not to be con- 
sidered entirely passive in this process. | 

It is certain that under normal experimental conditions large amounts 
of blood constituents do not pass into fluids in the intestine. It is of 
importance to consider this point for it involves fundamentally the 
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question whether osmosis is a consideration and whether the intestine 
is a strictly one-way membrane. That chlorides, carbonates and some 
nitrogenous bodies, if only in small amount, do pass into the intestine 
is evidenced by the findings of many investigators. Gumilewski (45) 
considered that the chlorides which he found in distilled water in the 
gut represented a secretion from the cells. Reid, on the other hand, 
maintains that the passage of chlorides into the intestine under such 
experimental conditions is the result of an injury by the distilled water. 
Goldschmidt and Dayton (74) found that chlorides pass into distilled 
water in the colon in amounts which have been considered to be the 
normal cellular secretion by previous investigators. However, they 
observed that when the concentration of chlorides reached a certain 
point (0.16 per cent) a re-absorption began. Physiologically there is 
no evidence of injury; the colon behaves toward sodium chloride 
solutions, after having been exposed to distilled water, as before. 
If the distilled water is repeatedly removed large amounts of chlorides 
may be withdrawn from the organism in this manner. If this phe- 
nomenon is to be ascribed to cell secretion it is an interesting fact 
that the absorptive power of the intestine serves to keep the mass of 
the secreted chlorides at a fixed low level. Goldschmidt and Dayton 
further show that the point at which re-absorption surpasses the passage 
of chlorides into distilled water in the gut is raised when the chloride 
content of the blood is increased by infusion. It may be argued, also, 
that thé extra chlorides found in this instance merely represent a secre- 
tion greater than the normal amount. D’Errico (117) states that 
intravascular injection of hypertonic sodium chloride causes a secretion 
of the intestinal] tract of higher molecular concentration than the normal 
secretion. However, he notes that introduction of water hinders the 
secretion and that absorption is also reduced for a time. 

There is still another link in the evidence: Goldschmidt and Dayton 
noted that when sodium chloride solutions of a concentration of Q.6 
to 1.0 per cent are placed in the colon, the solute rapidly adjusts itself 
to an equilibrium with the blood chlorides. But the A of the solution 
is greater than can be accounted for by the chloride content alone. 
All the facts, which cannot be discussed here, point to the passage of 
other substances from the blood into the intestinal solution at this time, 
in an attempt to adjust the total osmotic pressure of the fluid in the 
intestine to that of the blood. Diena (119) has observed precisely 
the same behavior, and has identified some of the blood constituents 
present. Priestly (120) found that when large amounts of water are 
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drunk by man the electrical conductivity of the blood serum is dimin- 
ished. He ascribes this occurrence to a passage of blood salts into the 
intestinal contents. Several investigators have noted increased salt 
output in the feces accompanying catharsis (121), (122), (123). Frey 
(124), (125) arrives at the conviction, on excellent evidence, that the 
chlorides found in glucose solutions in the small intestine owe their 
presence to an osmotic equilibrium adjustment between the blood and 
the intestinal contents. He finds that more chlorides pass into hypo- 
tonic than into hypertonic solutions of glucose in the gut. This 
investigator believes that the presence of a cell injury is excluded in 
his experiments. Frey and also Cobet (126) find that the upper and 
lower portions of the small intestine differ in their capacity to ‘‘secret”’ 
chlorides as well as to absorb solutions. 

It may be added in passing that Goldschmidt and Dayton (74) believe 
that the diffusion of blood constituents into intestinal solutions is a 
function of the osmotic pressure of the gut contents, and is also depend- 
ent upon whether or not this osmotic pressure is due to diffusible 
or non-diffusible substances. An -isotonic solution of a non-diffusible 
salt (i.e., sodium sulphate) permanently inhibits the passage of 
chlorides from the blood into the colon. If the sulphate injured 
the colon cells, according to Reid, more chlorides should be found 
in the fluid than normally. If secretion of the cells were respon- 
sible for the chlorides in intestinal fluids under other conditions, we 
should expect to find the so-called ‘“‘normal amount” here also; such 
is not the case. In view of the evidence presented, the conclusion is 
warranted that the intestinal membrane is not irreciprocal but may 
allow salts to pass in either direction. 

It would scarcely seem necessary to discuss whether the statement 
just made also applies to fluids. It is a universal experimental finding 
that hypertonic solutions of sufficient concentration call forth a liquid 
stream into intestinal loops of experimental animals (126 to 134, inc.). 
The larger number of these experiments deal with the mechanism of 
the action of cathartic salts, but for the purpose of this discussion we 
shall deal only with the general problem. The point at issue is whether 
this fluid stream represents an active secretion, a pure osmotic flow, 
or whether it is the result of an injury. 

Goldschmidt and Dayton (74) noted that diffusion of fluid from the 
blood does not begin until the concentration of sodium chloride in the 
colon is above 1.2 per cent. If the osmotic pressure of the blood is 
increased by sodium chloride infusion the concentration of chlorides in 
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the gut, which is necessary to draw fluid from the body, is still higher 
than normally. Hay (128, p. 243) found that if means were taken to 
limit the intake of water in an animal, administration of sodium sul- 
phate results in a failure of catharsis. Furthermore, this observer (128, 
p. 391) determined that saline purgation with strong solutions causes a 
blood concentration. It would appear, therefore, that the fluid stream 
into the gut bears a definite relation to the relative osmotic pressures 
of the gut contents and the blood. In addition’there is no doubt that 
the source of the fluid is the blood. These facts are prima facie evidence 
that we are dealing with a true osmotic flow. 

Further proof of the nature of this process is found in the work of Brodie 
(135), (136) and his collaborators. Their experiments have shown that 
there is an increased oxygen consumption and blood flow, above that of 
the normal resting state, in the small intestine when sodium chloride, 
distilled water and Witte’s peptone are absorbed. On the other hand, 
when hypertonic magnesium sulphate is present in the intestine, such in- 
crease of oxygen consumption does not occur. The statement is made 
that this result would appear to favor the view that the transport of 
water into the magnesium sulphate is due to physico-chemical causes 
rather than to active secretion. 

It will be noted that in Brodie’s experiments distilled water caused 
an increased oxygen consumption, while hypertonic magnesium sul- 
phate did not. It has been alleged that both injure the intestine. 
If so, from these results we must assume that the injuries are of a differ- 
ent nature. Many observers have claimed that strongly hypertonic 
solutions of salts, especially the saline cathartics, cause changes in the 
intestinal mucosa (137), (138), (139). Heidenhain (48) states that 
there must be a limit to the concentration of salt which the epithelial 
elements of the intestine will stand without injury. Nevertheless, he 
admits (140) that the secretion caused by hypertonic salt solutions in 
colon loops is due to an endosmotic capillary transudate and not to a 
glandular secretion. Furthermore, the colon glandular cells exhibit 
no anatomical alterations from such an osmotic stream. 

If the intestinal wall possesses some of the properties of a diffusion 
membrane—and such a conclusion seems warranted—it might be 
expected to exhibit the variabilities of behavior which are so character- 
istic of colloidal systems. It is well known that protoplasmic colloids 
are in a markedly delicate state of equilibrium, which isespecially sensi- 
tive to and altered by electrolytes and the presence of hydroxyl and 
hydrogen ions. This being the case, it is not difficult to understand that 
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the permeability of colloidal membranes may be easily affected by 
changes in their environment. The result is evidenced by an increased, 
decreased, or total change in the membrane behavior. 

In a colloidal system, moreover, surface tension plienomena are very 
active and may indeed be the cause of the changes mentioned in the 
preceding paragraph. Therefore, the possibility of such factors exert- 
ing an influence in the mechanism must be considered. 

Aside from surface Actions the character of the diffusion process may 
be altered by differences of electrolyte environment on the two sides 
of the membrane. The charge conferred by such a state upon opposite 
surfaces of a membrane is of importance in the mechanism of electo- 
osmosis and electrical cataphoresis. This phenomenon is especially cap- 
able of demonstration in the intestine, but must be accompanied by 
a more exact knowledge of the relative speed of the passage of ions and 
molecules through the gut wall. 

That the speed of diffusion of substances may be altered in the enteric 
tract has been mentioned above in regard to solutions of mixtures of 
sodium sulphate and sodium chloride. ‘Goldschmidt and Binger (75) 
have noted that when increasing amounts of calcium lactate are added 
to a constant concentration of sodium chloride, the diffusion rate of the 
latter salt is first increased and then diminished. A consideration of 
the experimental findings in their investigation led Goldschmidt and 
Binger to the opinion that the effect is due to changes in membrane 
permeability. 

Analogies to this action can be found in the literature. Cohnheim (48) 
observed that quinine retards water absorption from solutions in the 
intestine. Reid (9), (56) noted that the presence of sodium chloride 
in glucose solution favored the uptake of the glucose from the gut, which 
action he designates as a ‘‘chemical excitation.””» Many observers have 
noted that the presence of one salt may affect the absorption of another 
in the intestine (141 to 144, inc.). It is interesting that apparently 
sodium chloride facilitates the intestinal absorption of proteins, pep- 
tones and gelatine (42), (145), (146). There is, in addition, an isolated 
observation which indicates that the permeability of the gut may be 
influenced from the side of the blood. Fisher and Moore (147) find 
that in many experimental conditions in which sugar appears in the 
urine, none is demonstrable in the enteric tract. However, if sodium 
chloride is injected intravenously during the hyperglycemia, sugar is 
excreted into the small intestine. This action is attributed to an alter- 
ation in the permeability of the intestinal mucous membrane. 
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It is evident that the intestinal mechanism is not wholly irresponsive 
to physico-chemical forces the exact nature of which are, to besure, 
obscure, but which are supposedly associated with its colloidal 
structure. 

To conclude, in answer to the last question formulated above, it 
must be apparent, from the evidence presented, that the mechanism of 
intestinal absorption is qualitatively explained by the known laws of 
osmosis. The researches of Traube, Girard, Perrin and others demon- 
strate that the van’t Hoff theory of osmotic pressure is inadequate to 
explain all the phenomena which may be attributed to osmosis. Phys- 
ico-chemical investigations planned upon this basis are now bringing 
to light new facts which show a closer agreement between purely phys- 
ical systems and body membranes. It would seem that eventually 
the information thus obtained will be of great aid in elucidating such 
questions as the one under discussion in this paper. In this connection 
Loeb (148) has recently obtained results of inestimable value. He 
shows that the diffusion of water through a membrane is dependent for 
its direction and rate of migration upon a charge conferred upon the 
water molecules by the membrane. This, in turn, is a function of the 
chemical nature of the membrane as well as of the valency, the con- 
centration, and the sign of the charge of the ions in contact with it. 

Of the many investigators who have considered the subject, Hoppe- 
Seyler, Reid, and perhaps Cohnheim, have alone insisted upon a purely 
“vital” interpretation. That factors other than osmotic may be active 
in modifying the process has been indicated. All the evidence points 
to their physico-chemical nature, and much useful research may still 


be expended before one need seek refuge in that last resort, “‘vital cell 
activity.” 


BIBLIOGRAPHY 


For an excellent résumé of the early ideas on the processes concerned in 
absorption from the intestinal tract the reader is referred to the first two 
references. 

(1) Loncert, F. A. Traité de Physiologie, Paris, 1868, 3rd ed., i. 

(2) Epwarps, H. M. Lecons sur la Physiologie (et L’Anatomie Comparée 

de L’Homme et des Animaux), Paris, 1859, v. 

(3) ZanccreR, H. Ergebn. d. Physiol., 1908, vii, 99. 

(4) Ropertson, T. B. Science, 1917, xlv, 567. 

(5) Herpennain, R. Pfliiger’s Arch., 1888, xliii, suppl. 

(6) Rem, E. W. Journ. Physiol., 1896, xx, 298. 

(7) Rem, E. W. Journ. Physiol., 1898, xxii, lvi. 

(8) Rerp, E. W. Brit. Med. Journ., 1898, ii, 776. 




















450 SAMUEL GOLDSCHMIDT 








(9) Rem, E. W. Phil. Trans. Roy. Soc. London, 1900, Series B, excii, 211. 
(10) Exner, A. Arch. f. exper. Path. u. Pharm., 1903, 1, 313. 
(11) Regs, M. Amer. Journ. Physiol., 1920, liii, 43. 
(12) Hanzurx, P. J. Journ. Pharm. Exper. Therap., 1912, iii, 387. 
(13) OscHanetTzKy, M. A. Deutsch. Arch. f. klin. Med., 1891, xlviii, 619. 
(14) Hampurcer, H. J. Arch. f. (Anat. u.) Physiol., 1896, 428. 
(15) Hampurcer, H. J. Centralbl. f. Physiol., 1896, ix, 647. 
(16) Hampurcer,H. J. Osmotischer Druck und Ionenlehre, Wiesbaden, 1904, 
ii, 167. 
(17) LieBERKUHN. De fabrica et actione villorum intestinorum tenuium 
Leyden, 1745, cited by Loncer (1) and HamBpurGer (14). 
(18) Bricker, E. Sitzungsb. d. kaiserl. Akad. d. Wissenschafte, Vienna, 1851, 
vi, 214, cited by Lonaet (1). 
(19) Lacaucuiz. Traité d’hydrotomie, 1853, 37, cited by Lonaert (1). 
(20) Sper, G. Arch. f. Anat. (u. Physiol.), 1885, 159. 
(21) Hamsieton, B. F. Amer. Journ. Physiol., 1914, xxxiv, 446. 
(22) Bricker, E. Vorlesungen iiber Physiologie, Vienna, 1885, 362. 
(23) MarFELLs, F., anp Mo.tescuort, J. Wien. med. Wochenschr., 1854, no. 52. 
° (24) FrrepENTHAL, H. Pfliiger’s Arch., 1901, lxxxvii, 467. 
(25) ArBeiTreR, W. C. A. Virchow’s Arch., 1910, ec, 321. 
(26) Braptey, H. C., anp Gasser, H. 8. Journ. Biol. Chem., 1912, xi, xx. 
(27) CounueErm, O. Zeitschr. 4 nhy siol. Chem., 1901, xxxiii, 9. 
(28) Héper, R. Physikalische Chemie der Zelle und der Gewebe, Lelpais. 
1911, 502. 
(29) Friepentuat, H. Arch. f. (Anat. u.) Physiol., 1900, 217. 
(30) Hipprocrates, also GALEN. Cited by Loncer (1), 380. 
(31) Macenpiz, F. Précis Elémentaire de Physiologie, Paris, 1836, ii, 180. 
(32) PotseviLte, M. Compt. rend. Acad., 1844, xix, 994. I 
(33) Lizsic, J. Untersuchungen iiber der Mineralquelle zur Soden und 
Bemerkungen iiber die Wirkung der Salze auf den Organismus, Wies- 
baden, 1839, i, 462, cited by Hay (128). 
(34) Ligsic, J. Ueber die Saftbewegung, 1848, cited by Hay (128). 
(35) TrEpEMAN AND GMELIN: Versuche iiber die Wege, auf welchen Substanzen 
aus dem Darmkanal in das Blut gelangen, Heidelberg, 1820, cited by 
HEIDENHAIN (5). 
(36) ZAwaRYKIN, T. Pfliiger’s Arch., 1883, xxxi, 231. 
(37) Hormetster, F. Zeitschr. f. physiol. Chem., 1881, v, 127. 
(38) Hormetster, F. Arch. f. exper. Path. u. Pharm., 1885, xix, 1; also in 
succeeding volumes of these Archives. 
(39) Hoprr-Seyuer, F. Physiologische Chemie, Berlin, 1881, 343. 
(40) Spina: Ueber Resorption und Secretion, Leipzig, 1882, cited by HrmpENn- 
HAIN (5). 
(41) TuHannorer, L. v. Pfliiger’s Arch., 1874, viii, 391. 
(42) Vorr, C., anp Baver, J. Zeitschr. f. Biol., 1869, v, 536. 
(43) Herpennain, R. Pfliiger’s Arch., 1894, lvi, 579. 
(44) Leususcuer, G. Studien iiber Resorption seitens des Darmkanals, Jena, 
1885, cited by GuMILEwskKI (45). 
(45) GumiLtewsk!1. Pfliiger Arch., 1886, xxxix, 556. 


























ABSORPTION FROM THE INTESTINE 451 


(46) RéuMANN, F. Pfliiger’s Arch., 1887, xli, 411. 

(47) Counnuetm, O. Zeitschr. f. Biol., 1898, xxxvi, 129. 

(48) Counuetm, O. Zeitschr. f. Biol., 1899, xxxvii, 443. 

(49) Connuetm, O. Zeitschr. f. Biol., 1899, xxxviii, 419. 

(50) Connuetm, O. Zeitschr. f. Biol., 1900, xxxix, 167. 

(51) Ruorer, L. *Kézlem, az Sieiiies élet. es Kérlankérébal, 1906, vi, 91, 
abstr., Maly’s Jahresber., 1907, xxxvi, 443. 

(52) Rep, E. W. Brit. Med. Journ:, 1892, i, 1133. 

(53) Retp, E. W. Journ. Physiol., 1897, seid, 408 

(54) Retww, E. W. Journ. Physiol., 1901, xxvi, 427. 

(55) Rem, E. W. Journ. Physiol., 1901, xxvi, 436. 

(56) Rein, E. W. Journ. Physiol., 1902, xxviii, 241. 

(57) Hampurcer, H. J. Arch. f. (Anat. u.) Physiol., 1896, 36. 

(58) Hampurcer, H. J. Biochem. Zeitschr., 1908, xi, 443. 

(59) Hampurcer, H. J. Arch. f. (Anat. u.) Physiol., 1899, 431, suppl. 

(60) Hamspurcer, H. J. Osmotischer Druck und Ionenlehre, Wiesbaden, 1904, 
iii, 7. 

(61) Leuspuscuer. Jenaische Zeitschr. f. Naturwissenschafte, 1885, cited by 
HAMBURGER (14). 

(62) Startine, E. H. The fluids of the body, New York, 1909. 

(63) Srartine, E. H. Principles of human physiology, Philadelphia, 1915, 735. 

(64) Héper, R. Pfliiger’s Arch., 1898, lxx, 624. 

(65) Héser, R. Pfliiger’s Arch., 1899, lxxiv, 225. 

(66) Héser, R. Pfliiger’s Arch., 1899, lxxiv, 246. 

(67) Héser, R. Pfliiger’s Arch., 1901, lxxxvi, 199. 

(68) Héser, R. Pfliiger’s Arch., 1903, xciv, 337. 

(69) Héser, R. Biol. Centralbl., 1906, no. 21. abstr., Biochem. Centralbl., 
1907, vi, 227. 

(70) Héser, R. Physikalische Chemie der Zelle und der Gewebe, Berlin, 1914. 

(71) KatzENELLENBOGEN, M. Pfliiger’s Arch., 1906, exiv, 522. 

(72) Wauuacr, G. B., anp Cusuny, A. R. Amer. Journ. Physiol., 1898, i, 411. 

(73) Watuace, G. B., anp Cusuny, A. R. Pfliiger’s Arch., 1899, Ixxvii, 202. 

(74) Gotpscumipt, 8., AND Dayton, A. B. Amer. Journ. Physiol., 1919, 

| xlvili, 419, 433, 440, 450, 459. 

(75) Go.pscumipT, 8., AND Bincer, C. Amer. Journ. Physiol., 1919, xlviii, 473. 

(76) MaGcenpigz, F. Journ. de physiol. exper. et pathol., 1821, i, 1. 

(77) Hormetster, F. Arch. f. exper. Path. u. Pharm., 1888, xxiv, 247; 1890, 
xxvii, 395; 1891, xxviii, 210. 

(78) Pauti, W. Ergebn. d. Physiol., 1907, vi, 105. 

(79) Fiscuer, M.H. The physiology of alimentation, New York, 1907, 250. 

(80) Becnuoitp, H. Colloids in biology and medicine, transl., New York, 
1919, 317. 

(81) MAayrernorer, E., aNp Prispram, E. Biochem. Zeitschr., 1910, xxiv, 453. 

(82) QUAGLIARIELLO, G. Biochem. Zeitschr., 1910, xxvii, 516. 

(83) Trause, J. Pfliiger’s Arch. ,1904, ev, 559; 1910, exxxii, 511. 

(84) Trause, J. Biochem. Zeitschr., 1910, xxiv, 323. 

(85) Tér6x, B. Zeitschr. f. Physiol., 1906, xx, 206. 

(86) Bueiia, G. Biochem. Zeitschr., 1909, xxii, 1. 














(no as <n aa 


a 
t 
4 








452 SAMUEL GOLDSCHMIDT 











(87) Brpper, F., anp Scumipt, C. Die Verdauungssifte und der Stoffwechsel, 
Mitau and Leipzig, 1852, 231. ' 

(88) FrRIEDENTHAL, H. Arch. f. (Anat. u.) Physiol., 1901, 222. 

(89) FrimpENTHAL, H. Centralbl. f. Physiol., 1901, xiv, 258. 

(90) Munx, I. Ergebn. Physiol., 1902, i, 296. | 

(91) Lazarus-Bartow, W.S8. Journ. Physiol., 1895, xix, 140. 

(92) Lazarus-Bartow, W. 8. Journ. Physiol., 1896, xx, 145. 

(93) Moors, B., Roar, H. E., anp Wesster, A. Biochem. Journ., 1911, vi, 110. | 

(94) ENcetmann, T. W. Pfliiger’s Arch., 1872, vi, 97. 

(95) Rosentuat, I. Du Bois-Reymond’s Arch., 1865, 301. \ 

(96) Remp, E. W. Brit. Med. Journ., 1892, i, 323. 

(97) Héser, R. Pfliiger’s Arch., 1904, ci, 607. 

(98) OxerR-Biom, M. Pfliiger’s Arch., 1901, lxxxv, 543. 

(99) Grrarp, P. Compt. rend. Acad., 1909, cxlviii, 1047; 1910, cl, 1446; 1911, 
eliii, 401. | 





_ (100) Grrarp, P. Journ. chim. physiq., 1919, xvii, 383. 


(101) Grrarp, P. Compt. rend. Soc. Biol., 1910, Ixviii, 1117. 

(102) Oxer-Biom, M. Skand. Arch. f. Physiol., 1907, xix, 162. 

(103) Startinc, E. H. Oppenheimer’s Handbuch der Biochemie, Jena, 1909, 
37, 219. 

(104) LaNNoIs AND L&épinge, R. Arch. de Physiol., 1883, i, 92. 

(105) Epxins, J. 8. Journ. Physiol., 1892, xiii, 445. 

(106) NaGcano, J. Pfliiger’s Arch., 1902, xc, 389. 

(107) R6éumann, F., anp NaGano, J. Pfliiger’s Arch., 1903, xev, 533. 

(108) Carnot, P., anp Amet, P. Compt. rend. Soc. Biol., 1904, xlvi, 722. 

(109) Nosfécourt, P., anp Vitry, G. Compt. rend. Soc. Biol., 1904, xlvi, 642, 
878. 

(110) Om1, K. Pfliiger’s Arch., 1909, exxvi, 428. 

(111) Lonvon, E. S., et al. Zeitschr. f. phys. Chem., 1911, lxxiv, 328. 

(112) Foun, O., anp Denis, W. Journ. Biol. Chem., 1912, xii, 253. 

(113) Bywarers, H. W., anp SHort, A. R. Arch. f. exper. Path., 1913, xxi, 426. 

(114) HArr, P., anp v. HAtasz, A. Biochem. Zeitschr., 1918, lxxxviii, 337. 

(115) Marriorr, W. McK. Amer. Journ. Dis. Child., 1920, xx, 461. 

(116) Urnem, K. Amer. Journ. Dis. Child., 1920, xx, 366. 

(117) D’Errico, G. Biochem. Zeitschr., 1908, vii, 338. 

(118) Daxin, H. D. Journ. Biol. Chem., 1908, iv, 437. 

(119) Drmna, G. Arch. Sci. Med., 1911, xxxv, 63. 

(120) Prizstitey, J.G. Journ. Physiol., 1916, 1, 304. 

(121) Gennari, C. R. Accad. Torino, 1908, abstr. Maly’s Jahresber., 1909, 
XXXvViii, 431. 

(122) Satomon, H., anp WaLLace, G. Vienna med. Klin., 1909; abstr. Biochem. 
Zeitschr., 1909, viii, 715. 

(123) Ury, H. Int. Beitr. z. Path. u. Therap. d. Ernihrungs, 1910, i, 368. 

(124) Frey, E. Pfliiger’s Arch., 1908, exxiii, 515. 

(125) Frey, E. Biochem. Zeitschr., 1909, xix, 509. 

(126) Coset, R. Pfliiger’s Arch., 1913, cl, 325. 

(127) Brizcer, L. Arch. f. exper. Path. u. Pharm., 1878, viii, 355. 

(128) Hay, M. Journ. Physiol. and Anat., 1882, xvi, 243, 391. 568. 








Oe 
~~ 


ABSORPTION FROM THE INTESTINE 453 


(129) Leuspuscuer, G. Virchow’s Arch., 1886, civ, 434. 

(130) Kévesr, G. Centralbl. f. Physiol., 1898, xi, 553, 593. 

(131) Tyropr, M. V. Arch. Int. Pharmacodyn., 1910, xx, 205. 

(132) Lonpon, E. 8., anpD Potowzowa, W. W. Zeitschr. f. physiol. Chem., 
1908, lvii, 529. 

(133) ARRHENIUS, 8S. Zeitschr. f. physiol. Chem., 1909, lxiii, 323. 

(134) Weisz, P. Arch. int. de pharm. et de thérap., 1911, xxi, 77. 

(135) Bropiz, T. G., anp Voat, H. Journ. Physiol., 1910, xl, 135. 

(136) Bropiz, T. G., Cutis, W. C., anp Hatiisurton, W. D. Journ. Physiol., 
1910, xl, 173. 

(137) Fusari, R., anp Marrori, P. Arch. Ital. de Biol., 1895, xxiii, 256. 

(138) Lozerer, M. Compt. rend. Soc. Biol., 1905, lviii, 1058. 

(139) Carnot, P., anp Amet, P. Compt. rend. Soc. Biol., 1905, lviii, 1072. 

(140) Herpennain, R. Hermann’s Handb. d. Physiol., Leipzig, 1883, v'!, 172. 

(141) Mercxx, E. Arch. int. de pharm. et de thérap., 1906, xvi, 301. 

(142) MayerHoFER, E., AND Stern, E. Biochem. Zeitschr., 1910, xxvii, 376. 

(143) Kronxa, H. Zeitschr. f. exper. Path. u. Therap., 1915, xvii, 98. 

(144) Muruin, J. R. Journ. Biol. Chem., 1917, xxix, xxv. 

(145) Batp1, D. Arch. Ital. de Biol.. 1897, xxvii, 394. 

(146) Reacu, F. Pfliiger’s Arch., 1901, Ixxxvi, 247; Biochem. Zeitschr., 1911, 
xxxvi, 498. 

(147) Fiscner, M., anp Moore, G. Amer. Journ. Physiol., 1907, xix, 314. 

{148) Logs, J. Journ. Gen. Physiol., 1919, i, 717; also succeeding numbers of 
same journal, 














oe 


j 
| 
: 





TESTIS OF MUSCULAR EFFICIENCY 


E. G. MARTIN 
From the Laboratory of Physiology in Stanford University 


Tests for muscular efficiency have been made with two general types 
of apparatus, a, the ergograph, b, the dynamometer. The former, as 
is well known, determines the performance of successive muscular con- 
tractions and attempts to form conclusions as to muscular ability from 
the nature of this performance. The latter, on the other hand, esti- 
mates the force of single maximal contractions and uses the figures 
thus obtained as bases for conclusions as to muscular power. 

The ergograph. During the twenty years succeeding Mosso’s in- 
vention of the ergograph, about 1884 (1), numerous investigators car- 
ried on studies with the apparatus, and the important conclusions 
which have been derived as the result of this method of experimenta- 
tion date mostly in a period preceding 1905, and therefore scarcely fall 
within the scope of this paper. They may be summarized briefly into 
the statements that voluntary muscular power as determined by ergo- 
graphic studies shows diurnal variation, usually with maximal power in 
mid morning and.a second maximum later in the day, but with the 
exact time of the maxima varying with different observers (2), (3), 
(13); some indication of impairment of power following physical work, 
(4), (5); also some indication that muscular power is impaired as the 
result of mental fatigue (6), (7); that muscular power is affected by 
conditions of excitement (8), (9), (10), (11); that endurance bears 
among children a definite relationship to intelligence as indicated by 
class standing in school (12), (5); that the endurance of boys is greater 
than of girls of all ages, the difference being especially striking during 
adolescence (5); that exercise, rest, food, and increased atmospheric 
pressure increase endurance, while general and local fatigue, hunger, 
low atmospheric pressure, high temperature accompanied by high hu- 
midity, and tobacco diminish endurance (2). Harley (13) agrees with 
Lombard as to the effects of tobacco, although expressing the opinion 
that moderate smoking has only a slight influence. Hough (14), in 
a limited series of experiments, failed to corroborate the finding of 
Lombard that smoking hastens ergographic fatigue. 
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In recent years the ergograph appears to have been utilized as an 
instrument of investigation by only a few workers. Lombard (15) 
in 1915 repeated upon himself ergographic studies made twenty-five 
years earlier, and obtained in these recent experiments. substantially 
the same results as he had gotten formerly. His diurnal curve of mus- 
cular power corresponded to his earlier finding with maxima between 
9 and 10 o’clock in the morning and about the same time in the evening 
and with minima at about 4 to 5 o’clock in the morning and at the same 
time in the afternoon. He found as formerly that heavy smoking de- 
creased his endurance, while training definitely increased it. Ryan and 
Agnew (16) reported in 1917 a new form of ergograph based upon the 
principle of Fick’s cosine lever according to which the weight decreases 
as the muscle shortens, an arrangement which, according to these 
authors, affords a much truer picture of physiological muscular endur- 
ance than is presented by ergographs of the Mosso type. Their report 
of their findings with this type of ergograph is very brief. They men- 
tion, however, that in their experience there were wide variations in 
muscle power. They report also that the subjective sensations ac- 
companying the use of the apparatus are less unpleasant with their 
type of ergograph than with Mosso’s. Ryan and Agnew adopted as 
their criterion of muscle power the product of the tension by the time 
during which it is exerted, maintaining that the time factor must be 
included if a just estimate of muscular effort is to be obtained. They 
find that the tension-time product increases as the work done according 
to the Mosso criterion decreases. These authors have not yet published 
their complete report, presumably on account of the interruption af- 
forded by the war. 

The dynamometer. ‘Turning from estimations of muscular power by 
means of the ergograph to those in which dynamometers have been 
used, we may summarize again briefly the situation previous to 1914. 
Various forms of dynamometers have been devised by investigators 
according to the particular problem in mind. The most familiar early 
types were for determining the strength of the grip, the grip dynamo- 
meter of Collin or the later improved form of Smedley (17) being in- 
cluded in the equipment of most physiological laboratories as well as 
nearly all gymnasiums. Other forms of dynamometers are those for 
back, legs and chest designed by Tieman (18), and another form by 
Upham (18), and the Universal Dynamometer of Kellogg (19). 

As is to be expected, early interest in the use of dynamometers was 
chiefly on the part of physical trainers, who realized the necessity for 
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objective criteria of the results of their prescriptions of exercise. Every 
physical trainer is confronted with the responsibility of deciding upon 
the kind and amount of exercise to be prescribed to the persons under 
his charge. He must also form conclusions as to the effectiveness of 
his prescriptions, As Hastings (18) points out, there was during the 
decade beginning about 1890 a change in the point of view of physical 
training which operated to modify the attitude of physical trainers 
toward physical measurements of all sorts. For the quarter of a cen- 
tury preceding 1890 the object of physical training was “‘ developmental’, 
with the avowed purpose of inducing muscular enlargement; lar ge bi- 
ceps and robust calves were emphasized as prime desiderata. In the 
years shortly preceding the end of the last century a saner point of 
view prevailed; gymnastic training came to be recognized as of hygienic 
rather than developmental importance. With this change in viewpoint 
there was so marked a reaction against specific tests of strength that 
they fell widely into disuse. Valuable information which could have 
been afforded failed to be obtained because of an attitude toward physi- 
cal measurements not justified by the facts. 

While dynamometer tests were discredited by many physical trainers 
as without importance as aids to the prescription of exercise, they con- 
tinued to be used in connection with “intercollegiate strength tests’ 
for the purpose of selecting the strongest men in the various college 
gymnasiums year by year. During this same period educators became 
interested in strength tests as possible aids in the physical and mental 
classification of school children. Among investigations of this class 
may be mentioned the findings of Carman (21) and Smedley (5) that 
among school children greater strength of grip is associated with higher 
intelligence; of Dawson (22) that juvenile delinquents are on the aver- 
age less strong than normal children of the same age; of Hrdlicka (23) 
that colored children have a stronger grip than white. Various authors, 
among them Schuyten (24), Binet and Vaschide (25), Engelsperger 
and Ziegler (26) point out the significance of subjective influences in 
affecting the results of dynamometer tests and the importance of elim- 
inating these or taking them into account. 

Kellogg (20) in the late eighties and early nineties emphasized the 
importance of exercise as a therapeutic measure in the treatment of 
certain classes of invalids and found himself in the same situation as 
other prescribers of exercise, namely, needing an accurate measure of 
the strength of the muscles which he proposed to exercise as well as a 
guide to the results of the prescribed exercise. He accordingly designed 
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a “Universal Dynamometer”’ of which he made extensive use, publish- 
ing a series of findings in 1896. Kellogg’s method allowed the testing 
of nine muscle groups of each of the upper extremities, eight of each of 
the lower, four of the trunk and four of the neck. He made some com- 
parisons of strength as between men and women, and some observations 
on the differences in relative distribution of muscular strength in the 
two sexes. In principle Kellogg’s method consists of applying pressure 
to a piston by which a column of mercury is raised, the height of the 
column determining the degree of pressure. The practical difficulty 
confronting the use of this, as of all dynamometers which have to be 
fixed in position, is that of avoiding errors due to changes in leverage 
through slight alterations in position of the subject. 


THE RESISTANCE STRENGTH TEST 


Historical. During the year 1914 a severe epidemic of infantile 
paralysis prevailed in the State of Vermont. The Vermont State 
Board of Health found itself confronted with the task of rehabilitating 
the surviving sufferers from the disease and in pursuance of its problem 
inaugurated an elaborate study from the standpoint of orthopedic 
surgery of the after-effects of the infection. Very early in the course 
of this study the need of a reliable criterion of the degree of muscular 
impairment became manifest and it was clear that such a criterion 
could be applied only by a comparison with unimpaired muscles. A 
system of testing the strength was therefore called for, and Martin 
undertook early in 1915 the development of a method applicable to 
sufferers from infantile paralysis. The conditions to be met were re- 
liability, applicability to young children, and reasonable simplicity of 
operation. Some form of dynamometer test was obviously required. 
Almost from the beginning of the experimentation it was clear that a 
fixed dynamometer of the Kellogg type would be unsatisfactory be- 
cause of the difficulty of adjusting and maintaining young children in 
proper position. A dynamometer which could be shifted to meet al- 
terations of position of the subject was desirable. This need was met 
by using an ordinary flat face spring balance for the dynamometer 
which could be held in the hands of the experimenter and adjusted 
readily to bring it into whatever line might be required for the taking 
of a particular test. Coincident with the adoption of this principle 
was the adoption of a second principle which differentiates this test 
from other tests of strength that have been proposed, namely, that the 
part played by the subject shall be to resist a pull rather than to exert 
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his strength in an active effort. The test measures the maximum re- 
sistance which the contracted muscles offer against stretching. This 
principle, which was adopted primarily with the idea that it would 
facilitate the elicitation of maximal effort on the part of young children, 
was shown by continued experience to be peculiarly suitable to a dyna- 
mometric test of strength. Since the method involves the holding of 
the dynamometer in the hands of the operator in connection with the 
development of tension by him, the correction of the direction of pull 
is easy and therefore errors due to faulty lines of tension are eliminated. 

The test was made applicable to eleven muscle-groups on each arm 
and ten on each leg,as indicated in table 1. The original scheme in- 
cluded an additional muscle-group on the upper extremity, namely, 
the abductor of the thumb; the inclusion of this group is desirable in 
cases of infantile paralysis, but on account of its weakness in comparison 
with most of the other groups it has not seemed worth while including 
it in general tests of muscular strength. 

Technique. The following description of the dynamometer and of 
the experimental technique is quoted in part from Martin (27) and in 
part from Lovett and Martin (28): 


An ordinary spring balance, indicating kilograms or pounds avoirdupois and 
graduated decimally, is fitted with a strong handle attached to the frame at the 
upper end, and at the lower end with a loop of leather attached to the end of the 
“rack”? which terminates the spring. The pointed indicator forms part of a 
“‘dog’’ or slider, which is not attached to the rack, but is capable of moving with 
slight friction up and down the slot. A small pin on the rack protrudes through 
the slot and is in contact with the upper edge of the indicator. When the pull 
on the spring is exerted, this pin pushes the indicator along the slot to the proper 
point; when the pull is ended and the tension on the spring ceases, the indicator 
remains at this point and its position on the scale may be read off at leisure. 
After the reading the indicator is pushed by the hand back to zero. When in 
use the loop of leather is passed over a selected point on the limb in which the 
muscle-group has its insertion. 


INSTRUCTIONS FOR MAKING THE TEST 


General. The individual to be tested is referred to as the subject. The per- 
sons making the test are, first, the adjuster; second, the operator. 

The duties of the adjuster are to place the loop in the assigned position about 
the arm or leg, support it there with one hand, and, if necessary, support the 
arm or leg of the subject with the other hand. He gives the command ‘‘ Hold 
back,”’ to mark the beginning of the pull, and “Stop,’’ to mark the end. 

The operator has the handle of the balance in his right hand and the body of 
the balance in his left. 
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After the loop is adjusted the adjuster gives the command ‘‘Hold back.”” At 
this command the subject contracts with all his power the muscle-group being 
tested, and simultaneously the operator pulls upon the spring balance. Tension 
must be developed as rapidly as possible without jerking, and must be increased 
until the resistance of the subject is actually overcome. At the command 
‘‘Stop,”’ the pull is immediately discontinued. The scale is read at once and the 
reading is recorded by the assisting clerk. The sliding indicator of the scale 
must always be returned to the zero position immediately. Great care must be 
taken not to continue the pull after the muscles have actually yielded. 

No muscle-group that is teported by the subject to be sore should be tested. 

Plantar flerion. The subject lies on his back on a smooth table at whose 
foot a stout transverse cleat about three inches high is firmly fixed to serve as a 
foot brace. He steadies himself by holding to the edges of the table with both 
hands and by pressing the heel of the foot not being tested firmly against the 
foot brace. The foot to be tested is pressed with the ball resting against a pad 
which is exactly one-third of the distance up an upright lever about two feet 
long whose fulcrum is at the level of the table. A stout stick about an inch and 
a half square makes an excellent lever. The adjustment of the lever must be 
such that with the foot in maximum plantar flexion the ball rests squarely upon 
the pad, the lever itself making an angle of about twenty-five degrees beyond 
the perpendicular. This is the only test in which a lever is required. The 
dynamometer is attached to the tip of the lever. The pull is made by the opera- 
tor from the head of the table with the balance horizontal and in line with the 
leg being tested, and is increased in intensity to the point where the muscular 
resistance is overcome. To prevent slipping on the table, the shoulders of the 
subject are held by braces. The muscle gives at about 45° of plantar flexion, 
with a rather sharp break in the resistance offered to the pull. 

Dorsal flexion. The general position of the subject is the same. The foot 
should be flush with the end of the table, to give freedom of action to the opera- 
tor in making the pull, and should be slightly lifted and braced by the hands of 
the’ adjuster, which encircle the ankle. The leather loop of the dynamometer is 
placed across the toes at their metatarso-phalangeal joints. With the foot in 
maximum dorsiflexion, the operator makes the pull at right angles to the plantar 
surface of the foot, lowering the scale to maintain this angle as the foot gives. 

Inversion. Body position of the subject the same as in dorsal flexion. The 
loop is across the inner surface of the great toe joint. The ankle is braced by 
the hands of the adjuster. With the foot at right angles to the leg, the foot is 
inverted and adducted as far as possible without inward rotation of the leg. 
The pull is opposite in direction to the muscular contraction, horizontal, and in 
the same vertical plane as the foot. The operator swings the balance so as to 
maintain this relationship as the foot gives. 

Eversion. General position as in dorsl flexion. Loop at the outer surface 
of the distal end of the fifth metatarsal. The foot is at right angles to the leg 
and is everted and abducted as far as possible without outward rotation of the 
leg. The pull is horizontal and in the same vertical plane as the foot, with a 
swing of the balance to maintain this position. 

Thigh adductors. The position of the subject isthesame. The adjuster stands 
at the foot of the table; with one hand he places the loop in the hollow just above 
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the malleolus (an equally correct index is to have the strap just clear of the top of 
a man’s shoe), seizes the subject’s heel with the other hand, lifts the leg until 
the heel is just high enough to clear the toes of the other foot, and then draws the 
leg into extreme adduction. The foot of the leg to be tested must be kept ver- 
tical. The operator stands at the side of the table and develops tension at the 
word of command. The command ‘‘Stop’’ should be given as soon as the leg 
has been drawn into line with the axis of the body. 

Thigh abductors. The positions of the subject and of the adjuster are the 
same as in the test with the adductors. The loop is adjusted as for the adductors, 
but the direction of the pull is opposite to that used for those muscles. The leg 
to be tested is drawn out beyond the mid-line of the body to fifteen degrees, and 
the effort of the subject at the command ‘‘Hold back”’ is to prevent the operator 
from drawing the leg into line with the body. The command ‘‘Stop”’ is given 
just as the leg reaches the mid-line. 

Hip extension. The subject lies on the side opposite to that to be tested, ~ 
with the hips directly one above the other. The abdomen is braced firmly in 
position, and the subject pushes against the foot brace with the foot of the leg 
not being tested, to secure steadiness. The trunk is braced forward, by the 
subject, by holding to the edge of the table with the hands. The adjuster assists 
in maintaining the position of the abdomen with one hand, and with the other 
supports the weight of the leg to be tested, and keeps the leg parallel to the 
table. The loop is at the knee across the popliteal space. The leg is placed in 
maximum extension with the knee straight. The direction of pull of the bal- 
ance is slightly less than 90° to the leg, being deflected towards the trunk, and is 
exerted horizontally. The angle of the pull must be constant throughout the 
movement. The adjuster signals as the leg crosses the line of the trunk, or if 
the muscle gives before this, the reading is taken when the muscle yields. 

Hip flexion. Side position and foot brace, as for hip extension. The small of 
the back is braced. The subject maintains the rigidity of the trunk by pushing 
with the hands against a support in front of him. The adjuster supports the leg 
parallel to the table, with one hand at the knee and the other at the ankle. The 
loop is at the knee just above the patella. The knee is well bent, and the thigh 
is flexed above the right angle. The pull is horizontal and as near as possible at 
right angles to the femur. 

Knee extension. The subject lies prone on the table with the lower leg flexed 
at the knee to the vertical position. The loop is at the ankle just proximal to the 
malleoli. The operator stands at the head of the subject, bracing the shoulder 
with one hand. The pull is horizontal, and parallel to the median plane. The 
adjuster braces the knee on the table with one hand, and with the other at the 
ankle limits the extension. The movement begins from the perpendicular posi- 
tion, and the effort of the subject to extend the leg and the pull of the operator 
must start simultaneously at the command of the adjuster. Both pulls should 
begin slowly, and it is essential that the muscle pull and the pull of the spring 
balance should develop together in this test. The leg is not permitted to extend 
from the perpendicular position beyond 25°. Greater extension than this changes 
the leverage so much as to produce inaccuracy. The pull of the operator con- 
tinues until the knee is drawn back to the original position. The quadriceps 
test is one of the most accurate of all the tests, but also the most liable to error 
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if over-extension is permitted, before the balance pull begins to draw the leg back 
to the vertical position. 

Knee flexion. General body position of the subject and brace by the adjuster 
the same. Ankle loop reversed in direction and the operator at the foot of the 
table. The subject places the leg in maximum flexion. The pull is horizontal 
and rotation of the hip should be minimized. The adjuster calls ‘‘Stop’’ as the 
lower leg crosses the perpendicular position. 

Pectorals. The subject stands at attention, with the middle of his back 
pressed firmly against an upright post, and with the hand of the arm that is not 
being tested grasping a handhold. The arm to be tested is allowed to be limp 
in the hands of the adjuster until the command “Hold back,’’ with which com- 
mand the pectoral muscles are contracted as strongly as possible. The adjuster 
stands directly in front of the subject, facing him, and places the loop of the 
balance about the arm to be tested just above the elbow. With one hand he holds 
the loop in its position, and with the other hand grasps lightly the subject’s 
hand or wrist. The adjuster, keeping the subject’s arm straight, draws it across 
the subject’s body as far as possible, keeping it as close to the body as can be done 
and still give clearance for the loop. At the command ‘‘Hold back,”’ the sub- 
ject’s effort is to hold the arm from being drawn backward and downward from 
this position. The operator holds the spring balance in a line downward and 
backward from the subject’s elbow in such a position that the arm as drawn back 
will just clear the subject’s body. At the command ‘‘Hold back,’’ the operator 
develops sufficient tension to draw the arm down to the side of the body. The 
command “Stop”? must be given and the pulling discontinued before the arm 
has been drawn beyond the vertical line. 

Latissimus dorsi. The subject stands, as above, except that he faces the 
post. The fist is closed, and with the dorsum of the hand towards the back, 
the arm is drawn as far as possible, across, behind the body, just clearing the 
trunk. The pull is horizontal and outward anteriorly at an angle of 30° to the 
lateral plane. 

Anterior deltoid. Position of the subject as in pectoral test. The opposite 
hand holds to any support which does not elevate the shoulders. The arm being 
tested is raised to the level of the shoulder, and brought forward to an angle 30° 
from the lateral plane of the trunk. The pull is backward and downward, estab- 
lishing an angle of 60° with the upper arm, and maintains this angle as the arm 
gives. 

Posterior deltoids. The subject stands as above. The arm is raised to the 
level of the shoulder posteriorly at an angle of 30° to the lateral plane of the 
trunk. The pull is forward and downward, establishing an angle of 60° with 
the upper arm, and maintains this angle as the arm gives. 

Forearm extension. The subject lies on the back, with the arm at the side, 
and the forearm perpendicular to the table, against which the elbow rests. The 
hand is closed with the thumb pointing to the shoulder. The loop is at the 
wrist just proximal to the styloid process of the ulna. The operator stands at 
the head of the table. The adjuster stands at the side and braces the elbow on 
the table with one hand, with the other at the wrist limiting the extension of the 
forearm. The pull is horizontal. At the command of the adjuster, the exten- 
sion of the forearm and the pull of the operator start together slowly. Exten- 
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sion is permitted for from 5° to 15° from the perpendicular, and is overcome by 
the pull of the operator. The command ‘“Stop”’ is given just as the forearm 
crosses the vertical line. 

Forearm flexion. The subject lies on his back with his heels pressed firmly 
against the cleat at the end of the table. The adjuster stands at the subject’s 
left for both flexors. His right hand holds the subject’s elbow to the table. 
His left hand brings the subject’s forearm into a position of flexion about 15° 
toward the shoulder from the vertical, and adjusts the loop about the wrist so 
that its upper edge is at the crease in the skin at the base of the hand. The 
operator stands at the foot of the table and exerts tension at the word of com- 
mand. The command “Stop’’ should be given when the forearm reaches the 
vertical. 

Wrist extension. The subject stands beside an upright post with his arm 
flexed so as to bring the forearm horizontal, and the front of the forearm against 
the post. With the palmar surface of the hand vertical and the fingers extended, 
the wrist is put in maximum extension. The adjuster encircles the wrist with 
his hand, bracing the subject’s arm in position. The loop is across the dorsum 
of the hand, just distal to the metacarpals. The pull is exerted horizontally 
and at an angle slightly less than 90° to the hand, being deflected towards the 
wrist. The angle of pull must be constant, and to secure this the operator swings 
the balance through an arc as the hand gives. The accuracy of the reading de- 
pends absolutely upon maintaining the direction of the pull and upon the cor- 
rect placing of the loop, both of which are most importnt in this and the three 
following tests. 

Wrist flexion. Position of the subject as above except that the back of the 
forearm is against the post, with the arm projecting to the ulnar process. A 
folded handkerchief or towel may be interposed between the forearm and the 
upright. The adjuster stands directly in front of the subject’s palm. With 
one hand he holds the subject’s wrist against the upright, and with the other 
adjusts and holds the loop. The loop is placed so that its middle is directly over 
the crease at the base of the fingers. Keeping the fingers straight, the subject’s 
hand is flexed fully at the wrist. The operator pulls at an angle just less than 
90° from the plane of the subject’s hand. At the command ‘‘Hold back,”’ the 
subject holds the wrist in extreme flexion. The command ‘‘Stop’’ must be 
given as soon as the hand begins to yield. 

Finger extension. The subject extends the arm as for wrist extension. The 
palm of the hand well below the palmar crease is braced by the adjuster against 
the upright. The leather loop is replaced by a smaller one of cloth, which is 
placed across the fingers dorsally, just proximal to the first interphalangeal joint. 
The pull is horizontal, and at an angle slightly less than 90° to the extended 
fingers and deflects towards the wrist. 

Finger flexion. The position of the subject and brace by the adjuster are the 
same. The small loop is placed across the fingers on the palmar surface, just 
proximal to the first interphalangeal joint. The dorsal surface of the hand is 
vertical against the upright. The pull is horizontal and slightly less than 90° 
to the proximal phalanges. The deflection is towards the dorsum of the hand. 

Thumb adduction. With the palmar surface down and the hand horizontal, 
the adjuster braces the extended fingers with one hand and the wrist with the 
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other. The small loop is placed at the interphalangeal joint of the thumb. 
The subject adducts the thumb as far as possible under the palm. The pull is 
horizontal and at right angles to the thumb joint. The call ‘‘Stop’’ is made by 
the adjuster just as the thumb appears from the hand. 

Thumb abduction. General position of the hand and brace by the adjuster 
the same as for the preceding test. The subject adducts the thumb in the same 
horizontal place asthe hand. The position of the small loop is identical with that 
of adduction, but reversed in direction. The pull deflects downward from the 
horizontal just enough to escape the palmar surface of the hand. It is exerted 
at right angles to the thumb. 


Results. Some results of the application of this method to cases of 
infantile paralysis are reported by Lovett and Martin (29). They 
show that the test gives reliable indication as to the degree of muscular 
impairment and also show clearly the progress of the affected muscles 
either in the direction of improvement within the limits set by the dis- 
ease or further impairment due to bad conditions. 

The data on muscular strength of children accumulated in the course 
of the development and application of the resistance test were analyzed 
by Martin (30), and the findings summarized under two general heads: 
first, the relation of strength to weight; under which it appeared that 
in children below the age of sixteen the ratio of strength to weight tends 
to be constant, the value of the constants being 10 per cent smaller for 
girls than for boys, the actual ratios being for the two sexes eighteen 
and twenty respectively. These constants represent the ratio of the 
summed strength of all the muscles included in the test to the weight. 
Since the whole musculature is not included, the muscles of the trunk 
and neck and the rotators of the forearm being omitted, it is obvious 
that it has only an empirical significance; second, the distribution of 
strength among the muscles. Martin found that children fall into 
three age groups as regards the percentage distribution of their strength 
among the muscles included in the test. The groups are indicated in 
table 1 together with the figures for the percentage distribution. It 
should be stated that the averages for the age groups as given depart 
slightly from the corresponding averages for individual ages, but the 
errors are small and for practical purposes may be neglected. The 
observations of Martin on children have been extended by Helen L. 
Williamson in this laboratory in an unpublished investigation based 
on a small series of strength tests carried out on normal children from a 
local public school and a series of tests on 495 children made under the 
auspices of the New York State Board of Health in connection with 
the 1916 epidemic of infantile paralysis in that State. In this investi- 
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gation Williamson found that the ratios of strength to weight for the 
two sexes as reported by Martin (30) hold for the normal school children 
examined by her. A slightly lower ratio was found in the New York 
series but not greater than is probably accounted for by the recent in- 


TABLE 1 


Average percentage distribution of strength among the muscles 


























AGE 
MUSCLE GROUP aes 
3-7 8-12 13-18 | — | =. 
Feet: | 
Plantar flexion............ 7.75 8.82 9.20 | 10.00 | 10.00 
Dorsal flexion............. 3.20 3.00 2.86 | 2.85 | 2.90 
Tt oc cbs wakes ces 2.21 2.14 2.07 1.90 1.95 
RE 2.28 2.07 2.20 1.80 1.90 
Hips: 
Adduction................. 1.55 1.55 1.63 | 1.50 1.70 
, cceukineeeeee sss 1.47 1.43 1.42 | 1.40 1.45 
Extension................. 2.91 | 2.92 | 2.77 | 3.70 | 3.40 
a al eae 3.41 3.24 7 | 382) | 3.8 
Knees: | 
SO Te 3.04 3.20 3.15 | 30 3.15 
ROS 1.73 1.67 1.64 | 1.75 1.30 
Shoulders: 
ee ed uoe ds oc 2.40 2.26 2.19 | 2.35 2.10 
Latissimus dorsi........... 1.59 1.65 1.73 1.70 1.65 
Anterior deltoid........... 2.06 2.11 2.05 | 2.10 2.45 
Posterior deltoid........... 1.49 | 1.50 | 1.50 | 1.40 | 1.80, 
Forearms: | 
I cc vcccsnciercs 1.76 1.66 1.57 | 1.50 1.30 
a ee 2 2.47 2.68 | 2.25 1.85 
Wrists: 
Extension................. 1.33 1.24 1.32 | 1.05 1.30 
| iT TEE Ca 2.32 2.07 2.06 1.35 1.90 
Fingers: | 
tl ag 0.77 0.74 0.77 | 0.65 0.65 
aed pe Sea ee 2.77 2.84 2.78 2.95 3.20 
_ Thumbs: | 
IN a bie che os weews 1.42 1.42 1.34 | 1.30 1.35 








cidence of the disease in those cases. It is to be understood that no 
muscles actually affected were included in calculations of total strength 
in any case. Williamson found in her more extended series a percent- 
age distribution of strength among the muscles of the test closely cor- 
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responding with that previously reported by Martin. Some variation 
was found in the case of a few muscles, however, so to secure the highest 
possible reliability the two sets of data were combined by Williamson, 
giving the values for children set down in table 1. 

The studies of muscular strength were extended to adult males by 
Martin and Rich (31) and to adult females by Mosher and Martin (32). 
These studies showed in the first place that the correlation between 
strength and weight which is so marked in children is largely absent 
in adults. A suggested explanation for this difference is that the neuro- 
muscular adjustments which determine the exhibition of volitional 
muscular power in any muscle-group are dependent chiefly if not wholly 
upon the habitual demands to which the group in question is subjected. 
In the case of children the dominant factor is the weight of the part in 
which the muscle group has insertion. In adults, on the other hand, 
weight of bodily parts ceases to be the dominant factor in determining 
muscular strength, since in the course of occupational activities all 
sorts of weights have to be handled or strains developed beyond those 
set by the extremities alone. The recent studies of Martin (27) indi- 
cate quite clearly that in men doing routine heavy manual labor there 
is a definite adjustment of the strength to the demands upon it. The 
adjustment is expressed in the statement that there is a ‘standard 
strength” for every job. (See below p. 470.) Among adult females a 
similarly close relationship of strength to the physical demands of the 
occupation has not been demonstrated... In fact, the most striking 
feature of the strength of adult women appears to be its correlation 
with mental alertness rather than with muscular development. As 
evidence supporting this view we have the fact that the average strength 
of forty-five college women as determined by Mosher and Martin was 
approximately 50 per cent greater than the average of one hundred 
sixteen woman factory workers reported by Martin, the averages being 
1360 kilograms and 910 kilograms respectively, notwithstanding the 
fact that the factory workers were most of them, if not all, performing 
heavier manual labor daily than any of the college women. Further- 
more, Martin found that female clerks and other operatives whose 
tasks required mental alertness showed regularly greater strength than 
operatives whose work was purely mechanical, even though the latter 
was in many cases decidedly laborious (see below p. 469). 

The percentage distribution of strength among the muscles was found 
by Martin and Rich and by Mosher and Martin to differ somewhat in 
men and in women and in both cases to vary from the distribution as 
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found in children. The average figures as found by these workers 
are set down in table 1. 

The short test. The full test as above outlined is time consuming, 
requiring from a half-hour to an hour for satisfactory carrying out. 
Even so, as has been already stated, it is by no means comprehensive 
of the entire musculature. It includes, however, a sufficient proportion 
of the musculature to constitute undoubtedly a reliable ‘‘random sam- 
ple.” For every purpose, therefore, save the single one of determining 
the actual entire muscular strength, it is adequate. It makes no at- 
tempt, of course to fulfill the latter purpose, as is clear from the fact 
that in many of the tests the point of application of the loop of the 
dynamometer does not correspond closely with the point at which 
force is applied in the ordinary use of the muscles. To cite a single 
example: in the testing of forearm flexion and extension the loop is ap- 
plied about the wrist, whereas in practically all uses of the arm the 
application of strength is somewhere in the hand. For the purposes 
of the test it is essential that reliable landmarks be adopted, this being 
a much more important matter than the duplication of the points of 
pressure used in ordinary muscular action. Granting that the com- 
plete test constitutes an adequate sample of the entire musculature, 
the next step is to find a smaller sample which will be adequate for 
practical purposes, even through lacking somewhat in the exactness of 
the more complete test. Martin and Rich undertook the selection of 
a smaller sample. Their method was to correlate in a large series of 
tests the strength showings of individual musclés with the entire strength 
to see which individual groups would correlate most closely. They 
found ten pairs of muscle-groups in which the correlation of each with 
the total strength is above 0.80, the probable error not exceeding + 
0.032. (Martin and Rich, loc. cit., p. 32.) Obviously the abbreviated 
test will be most reliable, if selected from among these ten pairs. Since 
for practical purposes it is desirable that the abbreviated test should 
include not more than five pairs of muscle-groups, selection was made 
from among the ten pairs whose coefficients of correlation with total 
strength were satisfactory, the basis of selection being relative ease of 
testing or general suitableness. Application of this criterion fixed the 
choice on the following five groups, adductors and abductors of the 
thigh, pectorals, forearm flexors and wrist flexors. This latter group, 
the wrist flexors, is omitted from the abbreviated test as proposed 
originally by Martin and Rich but in the industrial application of the 
test it was thought advisable to include it on account of the importance 
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of the muscles of the forearm in nearly all types of manual labor, and 
since it has happened that the practical applications of the method 
have been based almost wholly on the industrial test, the flexors of the 
wrist are here incorporated as part of the Standard Short Test. _ 

In their original selection of an abbreviated test Martin and Rich 
compared the coefficients of correlation of the short test with the complete 
test both with the flexors of the wrist included and with them omitted. 
There was no significant difference in the correlation coefficient accord- 
ing to whether the wrist flexors were included or omitted, in both cases 
the figure being 0.94 + 0.01. The most convenient order for testing 
the muscles of the short test is as follows: 

Right pectoral 

Left pectoral 

Right wrist flexors 

Left wrist flexors 

Right forearm flexors 

Left forearm flexors 

Right thigh adductors 

Left thigh abductors 

9. Right thigh abductors 

: 10. Left thigh adductors 

Tests are made with the subject fully dressed. 

The sum of the strengths shown by the individual muscles tested 
constitutes in men 17.7 per cent and in women 18 per cent of the entire 
strength as found by this system of testing. To calculate the entire 
strength, therefore, the sum of the determined strengths must be multi- 
plied by the reciprocal of 0.177 or 0.180 (5.65 or 5.55). The product thus 
obtained is the figure for the total strength of the individual. If, for 
any reason, any muscle-group was omitted from the test, its strength 
may be assumed to be the same as that of the corresponding muscle on 
the other side in making the calculation of the entire strength. 

In connection with the development of the abbreviated test, Martin 
and Rich made determinations on a large number of healthy adult 
males including college students and recent army recruits. The weights 
ranged from 48 to 98 kgm., averaging 66.5 kgm. The strength ranged 
from 910 to 2,640 kgm., averaging in round numbers 1,800 kgm. This 
average, including a number of athletic college students, appears to 
be fairly representative of a good class of adult males, for Howe, Mason 
and Dinsmore (33) obtained for a series of about 250 soldiers at Camp 
Lewis, Washington, an average strength in round numbers of 1,900 


Se PF pr 


a 














468 E. G. MARTIN 


kgm., and Martin (27) found in a group of 96 industrial workers doing 
heavy manual labor an average of 1,965 kgm. On the other hand, 
60 army recruits at Camp Fremont, California, cited by Martin (27) 
from the study of Martin and Rich, gave an average of only 1,670 kgm. 
Bertnard Smith (34) obtained for the strength of 100 normal men in 
active military service at Camp Dix, New Jersey, an average of 1,655 
kgm., and 51 miscellaneous adults not engaged in heavy manual labor 
were found by Martin to have an average strength of 1,595 kgm. 


THE STRENGTH-WEIGHT RATIO 


The individual tests on which the above averages are based show a 
fairly wide range, strengths of presumably healthy adult males being 
found as low as 910 kgm., and as high as 2,830 kgm. In large part 
undoubtedly these extremes can be accounted for on the basis of dif- 
ferences in weight of the individuals, it being a familiar fact that small 
men show less strength than large. As a means of taking account of 
the actual amount of muscle substance Martin and Rich (31) proposed 
the use of the ratio of strength to weight as in some respects a better 
criterion of muscular ability than strength by itself. Strength-weight 
ratios show smaller range than do actual strengths, the widest limits 
thus far reported for normal individuals being from 19 to 37. Martin 
in some unpublished data extends the range from a minimum of 18 to 
a maximum of 38.3. Martin and Rich found an average of 26.6; and 
Bertnard Smith (34) reports for his normal subjects an average of 25.6. 
A series of about 200 adult males in industyial establishments, studied 
by Martin, gave an average strength-weight ration of 25.2. 

The significance of the strength-wieght ratio is discussed by Martin 
and Rich (31). They point out four possible factors which may have 
influence in accounting for differences in strength among individuals of 
equal weight. These are: actual amount of muscle tissue, bodily con- 
figuration, muscle quality, and innervation; by the latter being meant 
the extent to which voluntary effort is able to involve the muscle tissue 
actually present. In their discussion of these four factors they point 
out, with respect to the first, that individuals who are over-weight on 
account of adiposity will normally show a low strength-weight ratio 
due to the presence in their bodies of relatively less actual muscle tissue 
than is present in non-adipose individuals of the same weight. There 
are probably also differences in skeletal weight which modify the amount 
of muscle tissue present. A method of correcting for adipose tissue 
and for weight of skeleton would be an aid in the interpretation of 
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strength-weight ratios. The factor of bodily configuration was examined 
by Martin and Rich only as manifested in height. They were unableto 
find among adults definite indication that height is an important factor 
in determining strength. In fact when they grouped their subjects ac- 1 
cording to weight they found a wide range of heights in every weight | 
group, but no tendency for the strength of the individuals to bear any 1 
relationship to their heights, the tall men of any weight group averag- 
ing the same in strength as the short men in the same group. To Mar- | 
tin and Rich muscle quality and innervation appear to be the chief y 
determining factors in the strength-weight ratio. Muscle quality is 
for an individual a virtual constant. Innervation on the other hand is 
highly variable, excitement, as has been shown by various workers, 
(24), (25), (26) causing marked increases in strength. On this account 
tests should be made in ‘‘cold blood”’ so far as possible. 
Strength-weight ratios for women range somewhat smaller than for 
men. Engelsperger and Ziegler (26) noted the same: fact, attributing 
it to a less ability or inclination on the part of women to exert maximal 
strength. Martin and Mosher (32) report an average strength-weight 
ratio in their group of college women of 22.5, which compares favorably 
with the average strength-weight ratio in men. Among females in 
industry, on the other hand, a group of 144 women, including the 116 
cited in Martin’s industrial study, and some additional cases observed 
since that study was made, give an average strength-weight ratio of 
only 15.5. If this group is subdivided into workers on routine manual 
operations and workers whose tasks involve mental alertness, the aver- 
age strength-weight ratios of the two classes are found to be 15.1 and 
18.2 respectively. This difference according to the nature of the task, 
taken in connection with the high average strength-weight ratio of 
college women, brings out strikingly the supetiority of the strength 
showing accompanying mental alertness. No corresponding relation- 
ship has been demonstrated for men. The suggestion is that in men 
the exhibition of strength is so familiar an accompaniment of daily 
life that they have the nervous mechanism for evoking it readily at 
command, whereas in women manifestations of strength are less matters 
of routine, so that general mental alertness plays a more important part. 


ER ee ee ; Det tone tt aces 
Te TTA IO RES SS noth / 






en eR ENN Se = APA wb aN tO pen 


nl of eigetage tas Thy eee ee a 
- ro cnitentenncnimen haiti at arttn sesiecsinttaclaaes - 


nee Be ae 





APPLICATIONS OF THE RESISTANCE STRENGTH TEST 


In addition to its use in the study of the after-effects of infantile 
paralysis, for which it was originally designed (29), the test has been 
found to be instructive in several other fields. In the field of industry 
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several applications of strength tests are pointed out by Martin (27). 
Among these is the physical classification of employees. Inasmuch as 
jobs involving manual work nearly always make certain definite de- 
mands on the strength of the workers, it is obvious that classification 
of the workers in accordance with their strength may prove useful. 
It is true that intelligent employment managers and foremen usually 
decide on the basis of general observation whether individual candi- 
dates are physically equal to the demands of jobs to which it proposed 
to assign them, but actual strength tests should be useful in supple- 
menting such rough and ready judgments. A more important use for 
them appears in connection with the determination of whether a man 
who has been at a certain job for a period is actually measuring up to 
its requirements. The finding previously referred to that there is a 
“standard strength”’ for each job, together with the further observation 
of Martin that operatives on jobs for which they are physically not 
suited develop a condition of ‘‘staleness’’ in which they make a strength 
showing definitely below that of normal healthy adults, offers a means 
through the strength test of discovering such conditions and rectifying 
them before injury is done to the operative. 

A second industrial application of the strength test is found in the 
showing that physical condition as indicated by the strength showing 
tends to bear a definite relation to the industrial efficiency as expressed 
in output. It appears that external conditions such as temperature, 
possibly humidity, light, dust-laden air, and other environmental factors 
may modify the physical condition as determined by the strength show- 
ing. Opportunity is afforded by means of the test to evaluate these 
factors as well as to form judgments as to the success of remedial meas- 
ures adopted. 

The strength test appears also to have a certain value in connection 
with estimations of industrial fatigue. Satisfactory criteria of fatigue 
are so difficult to obtain, that any method which promises to give 
reliable information on the subject is worth taking into account. The 
industrial studies of Martin suggest that although the strength showing 
is not to be looked upon as indicating invariably the presence or absence 
of fatigue in individuals on single days, it is a fairly reliable index of 
fatigue of groups or of individuals over a long period, and that where 
conditions are present which tend to cause entire groups of operatives 
to experience fatigue, the strength test has utility in their discovery and 
elimination. | 
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An application of the strength test in medicine was developed by 
Bertnard Smith (34) and his co-workers in connection with the study 
and treatment in an army base hospital of cases among soldiers of the 
“effort syndrome”? symptom complex of Lewis (35). Smith used the 
strength-weight ratio as the criterion of physical efficiency and found 
definite relationships between this ratio and the existence of symptoms. 
The findings are presented in table 2. In the table are presented the 
figures at the beginning of and upon discharge from treatment. As is 


TABLE 2 


Comparative strengths of cases of effort syndrome before and after exercise 

















ON ENTRANCE TO WARD ON DISCHARGE FROM WARD 
2 ¢ Range of | A 
D@ Range Range of | Average nge o verage 
Es of strength | strength manana strength | strength 
a strength weight weight Bg weight weight 

kgm. kgm. 
Symptoms of long 
duration: 
1. Intelligence 
defect...... 35 |175-1870) 3.9-24.4) 15.1 | 780-2096 |10.7-28.0) 21.5 


2. Physical in- 
validism....)110 |344-1475) 6.7-22.8| 14.8 | 883-2061 |15.3-36.3) 24.8 

3. Unclassified...| 23 |492-1619)10.8-34.0) 21.0 |1124-1420*|18.9-36.0} 26.3 
Symptoms recent: 


1. After strain. .| 70 |600-1931) 9.0-26.0) 20.4 |1225-2180 |22.2-37.6| 26.9 
2. After’ infec- 























tiomet...... 62 |593-1621) 9.7-28.2) 19.3 |1249-1944 |19.3-31.9| 25.8 
After rheumatic 
ee ee 33 822-1706)15.3-27.4 21.3 | 966-2105 |18.6-29.8) 25.4 





* Probably should be 2420 (typographical error?). 
+ Not including cases following rheumatic fever. 
t Not included in cases of effort syndrome. 


clear from the table, the strength-weight ratios were markedly raised 
in all cases, the averages at discharge in all groups except that showing 
intelligence defect being substantially those of normal adult males. 
In addition to these general comparisons the strength test was used in 
evaluating the results of the treatment during its progress, the weekly 
improvement being definitely recognizable together with the achieve- 
ment of a condition justifying discharge. In his general discussion of 
his results (loc. cit., p. 9) Smith points out the value of well-graded, 
properly supervised exercise in the later treatment of infectious diseases; 
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a suggestion which opens a field of application of the strength test much 
wider than the restricted field :presented by the “effort syndrome.” 

In personal communications Smith states that a large amount of work 
along similar lines was carried on with soldiers suffering from various 
forms of organic heart disease and the strength test was of value in 
determining the limit of exertion for these men and in outlining work 
for them and as a guide in maintaining general strength; also that ‘in 
all work in physical development there is an important psychological 
factor that should be considered and this factor can be well managed by 
the use of a muscle strength test which gives the gain in figures. These 
give to the patient a stimulus for the developmental work that other- 
wise may become tiresome. This holds true of all individuals who are 
below par in skeletal strength.”” ‘I am strongly advocating the use of 
graduated exercises in convalescence and in both functional and organic 
heart conditions, with the use of the test as a measure of the improve- 
ment obtained and as a means of maintaining a keener interest on the 
part of the patient.’’ These findings and suggestions, which have not 
yet been published, are here presented with the permission of Doctor 
Smith, to whom my thanks are due. 

Professors P. M. Dawson and L. M. Moore and co-workers report 
(personal communications) that they have found the strength test of 
value in various types of physiological experimentation on human sub- 
jects. Their results are to be published in due course. 


AN INDIRECT CRITERION OF STRENGTH 


A discussion of criteria of muscular efficiency should not be concluded 
without brief reference to an interesting indirect method which has had 
some practical exploitation, but which apparently lacks adequate veri- 
fication by comparison with direct strength tests. Reference is to the 
estimation of the muscular strength by Pignet’s formula. In the ab- 
sence of access to Pignet’s original contribution his formula is cited from 
Medical War Manual, number 1 (Vedder) p. 70. The formula is ex- 
tremely simple. The weight in kilograms and the chest measure at 
expiration in centimeters are determined and added. This sum is then 
subtracted from the height in centimeters; the result is an index number 
whose size is taken as an index of physical efficiency according to the 
following table cited from Medical War Manual, number 1. 
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PIGNET’S FORMULA FOR ESTIMATING PHYSICAL EFFICIENCY 


InDEx NUMBER 


EFFICIENCY 
mn Gi 6 iicie Lise sasi- sins ois an Very strong 
Ts ick, « «dacs tation eed GRRE cts Strong 
Ns i, 0: ieee andi dain aaa HSS 5 ns a daeied Good 
| EEE Sa cep iene OR PT in ATS ah Ie MS: Fair 
I 5 ois ss. a nein v0 54 bees oeee ete esibsscacunnt Weak 
PO Oe GG itv oo nso cc'c selva divadeecoduieahes decsc taal: Very weak 
BEB aids oo ceed chests doce Bee vas Useless 


MacFarlane (36) gives the following information about Pignet’s 
formula, without citing the publications from which’ he obtained his 
information. ‘Pignet’s formula is given (in Vedder’s Manual) ap- 
parently as of accepted value but without comment. Investigation 
reveals that it was evolved by Major Pignet, contemporary French 
army surgeon. Dr. J. A. Blake, a British army surgeon, translated 
this formula into British measurements. Major Butza of the Rou-’ 
manian army records the use of this test on 816 men in different regi- 
ments and considers it of incalculable value. It was in use in the gar- 
rison at Bucharest as a method of determining the physical constitution 
of the recruits and consequently their fitness for military service. He 
states that this formula is an excellent one for use in the interest of the 
men themselves, for the army and for the nation.” 

It is obvious that before this method of estimating physical efficiency 
can be generally adopted, its physiological basis must be satisfactorily 


determined and its validity verified by comparison with direct strength 
tests. 


SUMMARY 


1. Ergographic tests of muscular efficiency have been utilized in the 
study of diurnal variations in endurance, in the effects of environmental 
conditions upon endurance, and in studies of the relationship of endur- 
ance to intelligence, sex, race, etc. An interesting contemporary 
feature of ergographic investigation is the development by Ryan and 
Agnew of an ergograph in which the product of the tension by the time 
is used as the criterion of efficiency. 

2. Early dynamometric tests of muscular efficiency were employed 
by various classes of investigators for various purposes; among physical 
trainers they were utilized as criteria of strength; among educators as 
criteria of the physical efficiency of school children; and in at least one 
instance (Kellogg) as an aid to the prescription of therapeutic exercise. 

3. The resistance strength test, which differs from other dynamo- 
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metric tests in that it depends upon overcoming the resistance of the 
subject rather than upon the exercise of active effort on his part, was 
developed primarily as an aidin the after-treatment of infantile paralysis 
and demonstrated its value in that connection. It proved to have 
certain advantages as a dynamometric test of efficiency and has been 
utilized in various fields, among which may be mentioned industry 
(the relation of muscular strength to industrial efficiency), and medicine 
(in connection with the diagnosis and treatment of “effort syndrome’’). 

4. An indirect test of physical efficiency has been proposed in Pignet’s 
formula. Further investigation is desirable toward establishing the 
validity of this formula. 
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